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National Semiconductor APPS products include complex 
VLSI peripheral circuits designed to serve a variety of appli- 
cations. The APPS products are especially well suited for 
microcomputer and microprocessor systems such as graph- 
ics workstations, personal computers, and many others. Na- 
tional Semiconductor APPS devices are fully described in a 
series of databooks and handbooks. 


Among the APPS books are the following titles: 


MASS STORAGE 


The National Semiconductor family of mass storage inter- 
face products offers the industry’s highest performance and 
broadest range of products for Winchester hard disks and 
floppy disks. The Mass Storage Handbook includes com- 
plete product information and datasheets as well as a com- 
prehensive design guide for disk controller systems. 


MEMORY SUPPORT 


Today's large Dynamic Random Access Memory (DRAM) 
arrays require sophisticated high performance devices to 
provide timing and control. National Semiconductor offers 
the broadest range of DRAM controllers with the highest 
performance available on the market. Controllers are avail- 
able for DRAMs from 64k bit through 1M bit devices, sup- 
porting memory arrays up to 8 Mbyte in size. For critical 
applications, National Semiconductor has developed sever- 
al Error Checking and Correction (ECC) devices to provide 
maximum data integrity. The Memory Support Handbook 
contains complete product information and several applica- 
tion notes detailing complete memory system design. 


Communi- 4 iodem | 
cations 
i} RS-232 


-——J 3270 Protocol 


LOCAL AREA NETWORKS AND 
DATA COMMUNICATIONS 


Today’s computer systems have created a huge demand for 
data communications and Local Area Networks (LANs). Na- 
tional Semiconductor supplies a broad range of products to 
fill the needs. The IEEE 802.3 Standard for Ethernet/ 
Cheapernet LANs is one of the most popular solutions. 
National Semiconductor provides a complete three-chip so- 
lution for an entire 802.3 design. For mainframe communi- 
cation the IBM 3270 and other coax protocols are another 
offering from National Semiconductor. To drive the commu- 
nications lines, Nationa! Semiconductor has drivers and re- 
ceivers designed to meet all the major standards such as 
RS-232, RS-422, and RS-485. Datasheets and applications 
information for all these products are in the LAN/DATA 
COMM Handbook. 


GRAPHICS 


Sophisticated human interface is a mark of the newest com- 
puter systems designs. Today’s personal computer may 
have better graphics display capability than engineering 
workstations of a few years ago. National Semiconductor 
has developed a new family of Advanced Graphics products 
to provide extremely high performance, high resolution color 
graphics displays. The graphics chip set is designed to pro- 
vide the highest level of performance with minimum de- 
mands and loading on the system CPU. The graphics sys- 
tem may be expanded to any number of color planes with 
virtually unlimited resolution. The Graphics Databook lays it 
all out and makes the display system design easy. 
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DS55493 Quad LED Segment Driver Interface 
DS55494 Hex Digit Driver Interface 
DS75107 Dual Line Receiver Interface 
DS75108 Dual Line Receiver Interface 
DS75113 Dual TRI-STATE Differential Line Driver Interface 
DS75114 Dual Differential Line Driver Interface 
DS75115 Dual Differential Line Receiver Interface 
DS75121 Dual Line Driver Interface 
DS75123 Dual Line Driver Interface 
DS75124 Triple Line Receiver Interface 
DS75125 Seven-Channel Line Receiver Interface 
DS75127 Seven-Channel Line Receiver Interface 
DS75128 Eight-Channel Line Receiver Interface 
DS75129 Eight-Channel Line Receiver Interface 
DS75150 Dual Line Driver Interface 
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DS75154 Quad Line Receiver Interface 
DS75160A IEEE-488 GPIB Transceivers Interface 
DS75161A IEEE-488 GPIB Transceivers Interface 
DS75162A IEEE-488 GPIB Transceivers Interface 
DS75176A RS485 Differential Transceiver Interface 
DS75208 Dual Line Receiver Interface 
DS75361 Dual TTL-to-MOS Driver Interface 
DS75365 Quad TTL-to-MOS Driver Interface 
DS75450 Series Dual Peripheral Driver Interface 
DS75451 Dual Peripheral Driver Interface 
DS75452 Dual Peripheral Driver Interface 
DS75453 Dual Peripheral Driver Interface 
DS75454 Dual Peripheral Driver Interface 
DS75461 Dual Peripheral Driver Interface 
DS75462 Dual Peripheral Driver Interface 
DS75463 Dual Peripheral Driver Interface 
DS75464 Dual Peripheral Driver Interface 
DS75491 MOS-to-LED Quad Segment Driver Interface 
DS75492 MOS-to-LED Hex Digit Driver Interface 
DS75493 Quad LED Segment Driver Interface 
DS75494 Hex Digit Driver Interface 
Dynamic RAM Controller Pushes System Speed to 10 MHz—and Beyond Memory Support 
Effortless Error Management Memory Support 
Error Correction the Hard Way Memory Support 
MM74HC942 300 Baud Modem LAN/Datacom 
MM74HC943 300 Baud Modem LAN/Datacom 
NS32490 IEEE 802.3 (Ethernet/Cheapernet) Network Interface Controller See DP8390 
NS32491 IEEE 802.3 (Ethernet/Cheapernet) Serial Network Interface See DP8391 
NS32492 IEEE 802.3 (Ethernet/Cheapernet) Coax Transceiver Interface See DP8392 
NS32440 IBM 3270 Biphase Encoder/Transmitter See DP8340 
NS32441 IBM 3270 Biphase Decoder/Receiver See DP8341 
NS32442 High Speed Serial Manchester Encoder/Transmitter See DP8342 
NS32443 High Speed Serial Manchester Decoder/Receiver See DP8343 
NS32800-2 E2C 2 Expandable Error Checker/Corrector See DP8400-2 
NS32802A 32-bit Parallel Error Detector and Corrector (EDAC) See DP8402A 
NS32803 32-bit Parallel Error Detector and Corrector (EDAC) See DP8403 
NS32804 32-bit Parallel Error Detector and Corrector (EDAC) See DP8404 
NS32805 32-bit Parallel Error Detector and Corrector (EDAC) See DP8405 
NS32809A 64K/256K Multi-Mode Dynamic RAM Controller/Driver See DP8409A 
NS32812 Dynamic RAM Controller Interface Circuit for 32008/016/032 See DP84412 


NS32817 64K/256K High Speed Dynamic RAM Controller/Driver 
(TRI-STATE) See DP8417 
NS32818 64K/256K High Speed Dynamic RAM Controller/Driver 
(32-Bit Systems) See DP8418 
NS32819 64K/256K High Speed Dynamic RAM Controller/Driver 
(16-Bit Systems) See DP8419 
NS32828 1 Megabit High Speed Dynamic RAM Controller/Driver 
(32-Bit Systems) See DP8428 
NS32829 1 Megabit High Speed Dynamic RAM Controller/Driver 
(16-Bit Systems) See DP8429 





Alpha-Numerical Index (continued 


NS32951-3 Winchester Hard Disk Data Synchronizer (10MBit/Sec) 
NS32951-4 Winchester Hard Disk Data Synchronizer (SMBit/Sec) 
NS32955-3 Winchester Hard Disk Data Synchronizer (10MBit/Sec) 
NS32955-4 Winchester Hard Disk Data Synchronizer (5MBit/Sec) 
NS32961-3 Winchester Hard Disk Data Separator (10MBit/Sec) 
NS32961-4 Winchester Hard Disk Data Separator (5MBit/Sec) 
NS32962-3 Winchester Hard Disk Data Synchronizer for 2, 7 Codes 
(10MBit/Sec) 


NS32962-4 Winchester Hard Disk Data Synchronizer for 2, 7 Codes 
(5MBit/Sec) 


NS32963 2, 7 Code to NRZ Encoder/Decoder 

NS32964B-2 Winchester Hard Disk Pulse Detector 
NS32964B-3 Winchester Hard Disk Pulse Detector 

NS32965-3 Winchester Hard Disk Data Separator (10MBit/Sec) 
NS32965-4 Winchester Hard Disk Data Separator (5MBit/Sec) 
NS32966-12 Disk Data Controller (12MBit/Sec Data) 
NS32966-20 Disk Data Controller (2OMBit/Sec Data) 
NS32966-25 Disk Data Controller (25MBit/Sec Data) 

NS32970 Floppy Disk Data Separator and Write Precompensation 
NS32972 Floppy Disk Contoller and Data Separator 

NS32974 Floppy Disk Controller and Data Separator 
Simplification of 2-Bit Error Correction 

Single-Chip Controllers Cover All RAMs from 16K to 256K 


See DP8451-3 
See DP8451-4 
See DP8455-3 
See DP8455-4 
See DP8461-3 
See DP8461-4 


See DP8462:3 


See DP8462-4 
See DP8463B 
See DP8464B-2 
See DP8464B-3 
See DP8465-3 
See DP8465-4 
See DP8466-12 
See DP8466-20 
See DP8466-25 
See DP8470 

See DP8472 

See DP8474 
Memory Support 
Memory Support 





The DP8400 Family of 
Memory Interface Circuits 


INTRODUCTION 


The rapid development in dynamic random access memory 
(DRAM) chip storage capability, coupled with significant 
component cost reductions, has allowed designers to build 
large memory arrays with high performance specifications. 
However, the development of memory arrays continues to 
have a common set of problems generated by the complex 
timing and refresh requirements of DRAMs. These include: 
how to quickly drive the memories to take advantage of their 
speed, minimization of board space required by the support 
circuitry and the need for error detection and correction. 
Unfortunately, these problems must be addressed with each 
new system design. Full system solutions will vary greatly, 
depending on the DRAM array size, memory speed, and the 
processor. 


This application note introduces a complete family of DRAM 
support circuits that provides a straightforward solution to 
the above problems while allowing a high degree of flexibili- 
ty in application with little or no performance penalty. The 
DP8400 family (Table I) includes DRAM controllers, error 
detection/correction circuits, octal address buffers and sys- 
tem control circuits. The LSI blocks are designed with flex- 
ible interfaces, making application possible with all existing 
DRAMs including the recently announced 1 Mbit devices. 
Additionally, interface is easy to all popular microprocessors 
with memory word widths possible from 8 to 80 bits. 


TABLE |. DP8400 Family Members 
DP8400-2, 16 and 32 Bit Error 
DP8402A Checker/Correctors 


DP8408A, DP8409A, DRAM Controller/Drivers 
DP8417, DP8418, 


DP8419, DP8428, DP8429 


DP8420, DP84244 DRAM Buffer Drivers 


DP84XX2 Microprocessor 
Interface Circuits 


FULL FUNCTION DRAM CONTROLLER 


The heart of any DRAM array design is the controller func- 
tion. Previous LSI controllers supplied a minimum function 
of address multiplexing with an on-board refresh counter. 
This required external delay line timing and logic to control 
memory access, additional logic to perform memory refresh, 
and external drivers to drive the capacitive memory array. 
The complete solution results in significant access delay in 
relation to DRAM speeds and skews in output sequencing, 
as well as a large component count. 


A previous LSI solution brought much of this logic on-chip. 
However, it is limited in application to certain microproces- 
sors and has the disadvantage of all access timing originat- 
ing from an external clock, whose phase uncertainty gener- 
ates a delay in actually knowing when an access has start- 
ed. 
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The DP8409A multi-mode dynamic RAM controller/driver 
was the first controller to resolve all of these problems. This 
Schottky bipolar device provides the flexibility of external 
access control, along with automatic access timing genera- 
tion, without the need for an external timing generator clock. 
In addition, on-board capacitive drivers allow direct drive for 
over 88 DRAMs. With the simple addition of refresh clocks, 
the circuit can perform hidden refresh automatically. It is the 
DP8409A design that has been used as the spring board for 
a whole family of controllers with faster speed performance 
while maintaining maximum pin upgrade compatibility. 

All Control On-Chip 


Figure 7 is a block diagram of the DP8409A. the ADS input 
strobes the parallel memory address into the row latches 
RO-8, the column latches CO-8, and bank select BO and 
B1. The nine output drivers may be multiplexed between the 
row or column input latches, or the 9-bit on-chip refresh 
counter. One of four RAS outputs is selected during an ac- 
cess cycle by setting the bank select inputs BO or B1. All 
four RAS outputs are active during refresh. Either external 
or automatic control is available on-chip for the CAS output, 
while an on-chip buffer is provided to minimize skew associ- 
ated with WE output generation. 


All DRAM address and contro! outputs on the DP8409A can 
directly drive in excess of 500 pF, or the equivalent of 88 
DRAMs (4 banks of 22 DRAMs). All output drivers are 
closely matched, significantly reducing output skew. Each 
output stage has symmetrical high and low logic level drive 
capability, insuring matched rise and fall time characteris- 
tics. 


Flexibility and Upgradability to 256k or 1 Mbit DRAMs 


The 9 multiplexed address outputs and 9-bit internal refresh 
counter of the DP8409A direct addressing capability for 
256k DRAMs. Careful design of memory boards, using 64k 
DRAMs with the DP8409A, insures direct upgradability to 
256k DRAMs. This can be done by simply allowing for board 
address extension by two bits and designing the ninth ad- 
dress trace (Q8) of the DP8409A to connect to pin 1 of the 
DRAMs (A8). This is, in general, a non-connected pin in 
64ks and the ninth address in 256ks. All that need be done 
is to remove the 64ks and replace them with 256ks, thereby 
increasing the memory on the same board by a 4 to 1 ratio. 
The resulting development cost saving can be significant. 


Although the new 1 Mbit DRAMs require the larger 18 pin 
package, which will require a memory board redesign, up- 
grading the controller portion of the board may need no 
redesign when converting from the DP8409A or DP8419 to 
the new DP8429 1 Mbit DRAM controller driver. 


Three mode pins (MO, M1 and M2) offer externally select- 
able modes of operation, a key reason for the DP8409A’s 
application flexibility (Table Il). The operational modes are 
divided between external and automatic memory control. 
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FIGURE 1. DP8409A Block Diagram 


TABLE II. DP8409A Mode Select Options 


| 0 | 0 | 0 | Exemally controled Refresh 
Auto Refresh—Forced 

Poo ft | it | AnRASAutowrite 

| oo | 4 | 4 | Extematly controled ANRAS Access 


ae ee el 
ee OL Sel ie Dg 


Conditions 


RF I/O = EOC 
RF |/O = Refresh Request (RFRQ) 
RF \/O = EOC 
RF I/O = EOC 
All RAS Active 


be ee | | Externally Controlled Access 
Fg Aen al Ohh Ae Auto Access, Slow taay, Hidden Refresh 
Ft | t+ | 0 | AutoAccess, Fast tra 


eae eae ae Set End of Count 


Modes 0, 3b, and 4 provide full control of access and re- 
fresh for systems with external memory controllers or for 
special purpose applications. Here all timing can be directly 
controlled by the external system as shown in Figure 2. 

Modes 1, 5 and 6 provide on-chip automatic access se- 
quencing with hidden refresh capability. A graphic example 
of the automatic access modes of the DP8409A is shown in 
Figure 3. All DRAM access timing and control is generated 
from one input strobe, RASIN; no external clock is required. 
On-chip delays insure proper address and control sequenc- 
ing once the valid parallel address is presented to the fall- 
through input latches of the DP8409A. When the RASIN 
transitions high-to-low, the decoded RAS output transitions 
low, strobing the row address into the DRAM array. An on- 
chip delay automatically generates a guaranteed selectable 
(mode 5 or 6) row address hold time. At this point, the 
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DP8409A switches the address outputs from the row latch 
to the column latch. Then another on-chip delay generates 
a guaranteed column address set-up time before CAS, so 
that the CAS output automatically strobes the column ad- 
dress into the DRAM array. Read or write cycles are con- 
trolled by the system through independent control of the WE 
buffer that is provided on-chip to minimize delay skewing. 
The automatic access mode makes the dynamic RAM ap- 
pear static with respect to access timing. In this mode, only 
one signal, RASIN, is needed after valid parallel addresses 
are presented to the DP8409A to initiate proper access se- 
quencing. Access timing (RASIN to CAS), with full output 
loading of 88 DRAMs in the auto access mode, is deter- 
mined by the dash number given on the DP8409A data 
sheet. All performance characteristics are specified over the 
full operating temperature and supply ranges. 





Drams may be 16k, 64k or 256k 
For 4 banks, can drive 16 data 
bits +6 check bits for ECC. 

For 2 banks, can drive 32 data 
bits +7 check bits for ECC. 


For 1 bank, can drive 64 data 
bits +8 check bits for ECC. 


‘These outputs may need damping 
resistors to prevent overshoot, 
undershoot at memories. 


INPUT CAS 


00-6. 7.8 
cS M1 MO 
16Ks. 64Ks. 256Ks 


DATA 1@ 


TL/F/5012-2 
FIGURE 2. Typical Application of DP8409A Using External Control and Refresh In Modes 0 and 4 
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~~ DRAM el 
DELAY 


TL/F/5012-3 
FIGURE 3. This figure demonstrates the automatic accessing capability of the DP8409A. Only one strobing edge, 
RASIN, is required for generation of all DRAM access timing signals. This is accomplished with on-chip 
delay generators, eliminating the need for external delay lines. No access timing clock is necessary. 
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Refreshing 

The DP8409A also provdes hidden refresh capability while 
in one of the automatic access modes (Figure 4). In this 
mode, it will automatically perform a refresh without the sys- 
tem being interrupted. To do this, the DP8409A requires two 
clock signals, refresh clock (RFCK) which defines the re- 
fresh period (usually 16 js), and RAS generator clock 
(RGCk), which is typically the microprocessor clock. 


Highest priority is given to hidden refreshing through use of 
level sensing of RFCK. A refresh cycle begins when RFCK 
transitions to a high level. If during the time RFCK is high the 
DP8409A is deselected (CS in the high state) and the proc- 
essor is accessing another portion of the system such as 
another memory segment, or ROM, or a peripheral, then a 
hidden refresh is performed. When a read or write cycle is 
initiated by the processor, the RASIN input on the DP8409A 
transitions low. With CS high, this causes the present state 
of the internal refresh counter to be placed on the address 
outputs, followed by the four RAS outputs transitioning low, 
strobing the refresh address into the DRAM array. When the 
cycle ends, RASIN will terminate, thus forcing the RAS out- 
puts back to their inactive state and ending the hidden re- 
fresh. The refresh counter is then incremented and another 
microprocssor cycle can begin immediately. However, to 
save power, the DP8409A will allow only one hidden refresh 
to occur during a given RFCK cycle. 


In the event that a hidden refresh does not occur, the 
DP8409A must force a refresh before the RFCK’s next 
positive-going transition. The systemis notified after the nega- 
tive-going RFCK transition that a hidden refresh has not oc- 


FORCES REFRESH 


PROCESSOR CYCLE TIME —| 


Sy / 


SELECTED 


2Tns a les 


curred, via the refresh request output (RF I/O pin). The sys- 
tem acknowledges the request for a forced refresh by set- 
ting M2 (refresh) low on the DP8409A and preventing fur- 
ther access to the DP8409A. The DP8409A then uses 
RGCK to generate an automatic forced refresh. The refresh 
request pin then returns to the inactive state, and the 
DP8409A allows the processor to take full system control 
after the forced refresh has been completed. 


OCTAL MEMORY DRIVERS 


For those applications where the memory array is extremely 
large or the controller design is unique to a particular appli- 
cation requirement, specialized high capacitive load ad- 
dress and control buffers are required. However, like any 
other element in a DRAM system, selection of the improper 
driver can have significant impact on system performance. 


In the past, this function has been performed using Schottky 
logic family circuits such as the DM74S240 octal inverter or 
the DM74S244 octal buffer. The output stages of these de- 
vices have good drive capability, but their performance with 
heavy capacitive loads is not ideal for DRAM arrays. The 
key disadvantage of these devices is their non-symmetrical 
rise and fall time characteristics and their long propagation 
delays with heavy load capacitance. The former is a result 
of impedance mismatch in the upper and lower output 
stages. The latter stems from process capability and circuit 
design techniques not tailored to the DRAM application. 
The combined result of all these factors is increased output 
skew in address and control lines when these devices are 
used as buffers. 


NO FORCED 
HIDDEN REFRESH ALLOWED REFRESH 


PROCESSOR ACCESSING ELSEWHERE 


HIDDEN REFRESH ALREADY 
}*+— PERFORMED, NO. SUBSEQUENT 
REFRESH ALLOWED IN THIS CYCLE 


| 
1 ONE RAS ie | 


FIGURE 4. Hidden and Forced Refresh Timing of the DP8409A 
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Two new devices are now available for this application. The 
DP84240 is pin and function compatible with the 
DM74S240. The DP84244 is likewise compatible with the 
DM74S244. However, this is where the similarity between 
the devices ends. Both the DP84240 and the DP84244 
have been designed specifically to drive DRAM arrays. Fig- 
ure 5 shows a typical application of the DP84244, used in 
conjunction with the DP8409A, to drive a very large memory 
array. 

Figures 6a, 6b show some typical performance curves for 
these circuits. Note that, at over 500 pF, the propagation 
delay through these drivers is on the order of 15 ns. This 
delay includes propagation delay and rise or fall time. Even 


*Resistor required depends on DRAM load. See AN-305 
“Precautions to Take When Driving Memories.” 
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with this high speed, chip power dissipation is still main- 
tained at a reasonable level as demonstrated by the graphs 
shown in Figures 7a, 7b of power versus frequency. 


The DP84240 and the DP84244 are fabricated on a high 
performance oxide-isolated Schottky bipolar process. Spe- 
cial circuit techiques have been used to minimize internal 
delays and skews. Additionally, both rise and fall time char- 
acteristics track closely as a function of load capacitance. 
This has been accomplished through impedance matching 
of the upper and lower output stages. The result of these 
characteristics is a substantial reduction of skew in both the 
address and control lines to the ORAM array. 
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FIGURE 5. The DP84244 Used as a Buffer in a Large Memory Array (greater than 88 DRAMs) Controlled by the DP8409A 
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FIGURE 6a. tp_y Measured to 2.7V on Output vs. C, 
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FIGURE 6b. tpy,_ Measured to 0.8V on Output vs. C, 
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FIGURE 7a. Typical Power Dissipation for DP84240 at 
Voc = 5.5V (All 8 drivers switching simultaneously) 
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FIGURE 7b. Typical Power Dissipation for DP84244 at 
Voc = 5.5V (All 8 drivers switching simultaneously) 


The output stages of the DP84240 and the DP84244, al- 
though well matched, are relatively low impedance. Output 
impedance is under 109. Some DRAM arrays will require 
the addition of damping resistors in series with the outputs 
of the drivers. These damping resistors are used to minimize 
undershoot which may have a harmful effect on the DRAMs 
if allowed to become large. This undershoot is caused by 
the high transient.currents from the drivers necessary to 
drive the capacitive loads. These high currents pass through 
a distributed inductive/capacitive circuit created by the 
board traces and the DRAM load, causing the undershoot. 


The damping resistor has specifically not been placed on- 
chip because its value is dependent on the DRAM array size 
and board layout. In fact, address lines will quite often re- 
quire a different resistor value from the DRAM control lines. 
The resistor must be tuned for a particular board layout 
since too high a resistor will produce an excessively slow 
edge and too low a resistor will not remove the udershoot. 
Values for damping resistors may vary from 159 to 1500, 
depending on the application. Placing any value of damping 
resistor on-chip, other than a value less than the minimum, 
severely restricts the application of these high performance 
circuits. 


Another key advantage of both the DP84240 and the 
DP84244 is their low input capacitance. Previous address 
buffer/drivers (such as the DM74S240/244) have high input 
capacitance. Fast edges at the inputs of these drivers be- 
come slower and distorted due to this dynamic input capaci- 
tance. This problem must be factored as an additional delay 


through these drivers—a delay not shown by the data sheet 
specifications. Additionally, the problem becomes increas- 
ingly severe as multiple driver inputs are used in parallel for 
bus expansion applications. 


Both the DP84240 and the DP84244 are designed to signifi- 
cantly reduce both static and dynamic input capacitance. 
When these devices are driven with standard logic circuits, 
no appreciable overhead delay need be added to the basic 
device delay specifications due to input pulse distortion. 


ERROR CORRECTION 


The determination of whether a DRAM system requires er- 
ror correction must be resolved early in the system design. 
A positive answer to this question may have far-reaching 
impact on board development time and component cost. It 
is clear, however, that such a decision cannot be taken 
lightly. 

The type and origin of errors in DRAM systems are many 
and can result from a number of sources (Table III). Current 
estimates of soft error rates due to alpha particles in 64k 
RAMs indicate some hope that these error rates will be simi- 
lar or possibly better than those found in 16k DRAMs—but 
the facts are still somewhat unclear. However, itis clear that 
the use of 256k DRAMs and the introduction in the near 
future of 1 Mbit DRAMs with even smaller memory cells and 
greater chip densities will place a significant challenge on 
DRAM chip designers to keep these rates down. It is be- 
lieved by some that error correction may become mandato- 
ry in future DRAM system designs. Currently, the decision to 
add error correction is not so straightforward. It depends on 
many factors, not the least of which is the end user’s per- 
ception of its value to system uptime and reliability. 


TABLE Ill. The Sources and Types of Memory Errors 


Error 
System Action 
Type } sources | systemaction | 


e Alpha Particles Temporary system error— 
e System Noise may be overwritten with a 
¢ Chip Patterns low probability of repetition 
© Power Glitches 


Soft 


e Stuck Memory Bit Permanent failure—may 
e Memory Chip Interface | act as logic 1 or 0 
® Interface Circuit Failure 





Generally, error correction will always be found in highly reli- 
able systems during DRAMs, such as process control equip- 
ment, banking terminals, and military systems where high 
data integrity and minimum downtime are priorities. Howev- 
er, the importance of error correction has grown substantial- 
ly, to the point that it is now used as selling feature in the 
vast majority of large memory-based systems. In fact, some 
major computer houses have adopted quidelines for use by 
their designers in the development of DRAM arrays. A 
somewhat common set has been found—if the memory ar- 
ray is on the order of Y% million bytes, then word parity 
should be used. This permits the detection of single bit er- 
rors but does not allow error correction. When the total 
memory approaches 1% million bytes, then double bit error 
detection and single bit error correction should be added. 


The decision to add error correction to a system is costly, 
both in memory overhead and control hardware. Table IV 





TABLE IV. Check Bit Overhead for Multiple Bit Error 
Detection and Single Bit Error Correction 


Number of Bits 
in Memory Check Bits of Excess 
Data Word Required Memory 


a ee ee ee ee 
a ea Gee ee ee ee 
25% (29%) 
18% (179%) 
ee ee ee 


Note: The number stated assumes the use of the DP8400; the number in 
parentheses is required by other error correction circuits. 


Number of Percentage 


lists the number of additional memory chips required to sup- 
port single bit error correction and double bit error detection 
as a function of the memory data word width. 


This table also shows the percentage of DRAM overhead 
required to implement this function. Adding error correction 
also increases the memory access delay, since the informa- 
tion contained in the overhead chips must be analyzed in 
each read and generated in each write operation. 


DP8400 16-Bit Expandable Error Correction Chip 


The DP8400 expandable error checker/corrector is shown 
in block diagram form in Figure 8. This circuit offers a high 
degree of flexibility in applications which range from 8-bit 


BYTE 
PARITY 
1/0 
(BPO-BP1) 


CHECK BYTE 
BIT PARITY 


pala GENERATOR 


LATCH 
ENABLE 
(DLE) 


GENERATOR 


SYNDROME 
GENERATOR 


CHECK-BIT 
SYNDROME 
LATCH 
ENABLE 
(CSLE) 
SYNOROME SYNDROME 


BUS INPUT 
(S0-S7) LATCH 


CONTROL 
LOGIC 


MODE CONTROL OUTPUTS 
(MO, M1, M2) 


DETECTOR 


to 80-bit data words. It is a 16-bit chip that is easily expand- 
able with the simple addition of more DP8400s for each 16- 
bit word increment. 


Figures 9a, 9b and 9c demonstrate its basic operation in the 
write and read memory access cycles. Figure 9a shows the 
normal write cycle, where system data is used by the 
DP8400 to generate parity bits, called check bits, based on 
certain combinations of the data bits. This combination is 
defined by the DP8400’s matrix shown in Figure 10. When- 
ever a “1” occurs in any row, the corresponding input data 
bit at the top of the column helps determine the parity for 
that check bit labeled at the end of the row. These check 
bits are written along with the data at the same memory 
address. Also, during a memory write cycle the DP8400 
checks system byte parity. This is parity associated with the 
data bytes transmitted between the processor and the 
memory card. This is an optional feature that may prove 
very valuable in multiple board memory systems. 


Sometime later a read will occur at this same memory ad- 
dress. The reading of memory data may be performed in 
two ways, as shown in Figures 9b and 9c. In the read cycle, 
the DP8400 uses the data read from memory and internally 
regenerates check bits using the same matrix. These newly 
generated check bits are then compared (using X-OR 
gates) with the check bits read from memory to detect er- 
rors. The result of this comparison is called a syndrome 
word. Any differences in the generated versus read check 
bits will result in at least one syndrome bit true. This indi- 
cates an error in either the read data or check bit field or 
both. 
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FIGURE 8. DP8400 Simplified Block Diagram 
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FIGURE 9b. Normal Read Mode Using the Error Monitoring Method with the DP8400 
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FIGURE 9c. Normal Read Mode Using the Always Correct Method with the DP8400 
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A key advantage of the DP8400 is that it has three error 
flags detailing the type of error occurrence. These are gen- 
erated using the syndrome word in the manner shown in 
Figure 11. The resulting error type identifications are shown 
in Table V. The three error flags allow complete error type 
identification, plus the unique determination of double bit 
errors, which will be key during the discussion of double bit 
error correction. Also, on a memory read, the DP8400 gen- 
erates byte parity bits for transmission to the processor 
along with the data. 


$6, SG ANY SYNDROME BIT 


DETECT 3 OR 5 SYNDROME BITS 


INTERNAL 
SYNOROME 
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TABLE V. Error Flags after Normal Read 


Jae | er | co | errortype | 
oo | 0 | 0 | Noemor 
pt | 1 | 0 | Single Check sit Error 


Single Data Error 
| 1 | 0 | 0 | Double-Bit Error 
All Others Invalid Conditions 





There are two basic memory read methods that may be 
used with the DP8400. The first is shown in Figure 9b and is 
called the error monitoring method. Here, the read data is 
assumed to be correct and the processor immediately acts 
on the data. If the DP8400 detects an error, the processor is 
interrupted using the any error flag (AE). Using this method, 
there is no detection delay in most memory reads since 
errors seldom occur, but when an error does occur, the 
processor must be capable of accepting an interrupt and a 
read cycle extension to obtain the corrected data from the 
DP8400. 


A second approach is called the always correct method, 
Figure 9c. \n this case, the data is always assumed to be in 
error and the processor always waits for the DP8400 to ana- 
lyze whether an error exits. Then the corrected or un- 
changed data is read from the DP8400. Although this meth- 
od results in longer memory read time, every memory read 
will always be of the same delay except when a double error 
occurs. The selection of which method to use depends on 
many factors, including the processor, system structure, 
and performance. 


Double Bit Error Correct 


The probability of double bit errors in DRAM systems is rela- 
tively low, but as memory array sizes grow, the occurrence 
of these error types must be considered. Adopting certain 
practices, such as rewriting a memory location whenever an 
error is detected, or using ‘‘memory scrubbing” techniques, 
can significantly reduce the probability of a double soft error 
occurrence. Memory scrubbing is when the system, during 
low usage, actually accesses memory solely for the purpose 
of identifying and correcting single soft errors. This is an 
important technique if there are segments of the memory 
that are not always being accessed so that soft error occur- 
rences would not be quickly found. 


The occurrence of a double error comprising one soft and 
one hard must now be considered. This type of error has a 
higher probability than two soft errors. The hard error may 
be due to a catastrophic chip failure, and a subsequent soft 
error will create two errors. This can be a source of concern 
since most error correction chips cannot handle double er- 
rors of this type. Therefore, most systems will “crash” when 
a catastrophic chip failure is coupled with a soft error in the 
same memory address. 


The DP8400 has been designed to handle just such an oc- 
currence. It can correct any double bit error, as long as at 
least one of the errors is a hard error. The DP8400 does this 
without the need for extra hardware required for the basic 
double bit detect/single bit correct system implementation. 
This method is called the double complement correct tech- 
nique and is demonstrated in Figure 12 using a 4-bit data 
word for simplicity. In this example, a single hard error is 
located in the most significant bit of a particular memory 
location and a soft error occurs at the next bit. The position 
of the errors is not important since the errors may be distrib- 
uted in either the data or check bit field or both. First, the 
data word and corresponding check bits are written to this 
memory location. When a later read of this location occurs, 
step A, two errors are directly reported by the DP8400 error 
flags. The system detects this, disables memory; and places 
the DP8400 in the complement write mode. This causes the 
previously read data and check bits to be complemented in 
the DP8400 and written back to the same memory address, 
step B, writing over the previous soft error. Obviously this 
does not modify the cell where the hard error exits. The 
system then reads from the same address again, but this 
time it places the DP8400 in the complement read mode, 
step C. The DP8400 again complements the memory data 
and check bits and generates new check bits based on the 
new data word. At this point, the chip detects a single bit 
error in the bit position where the soft error occurred, and 
using the conventional single error correction procedure, re- 
turns corrected data to the system, step D. 


In the second read, the complement read, the hard error 
repeats since this bit location again receives a bit which is 
complemented with respect to itself. But the soft error has 
been overwritten and does not repeat. Effectively, the mem- 
ory has complemented the hard bit error position twice and 
the soft bit error position only once, while the DP8400 com- 
plements both positions twice. Therefore, after the second 
read, there is only one error left, the soft error. Since this is 
now a single error it can be directly corrected. 
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After the complement correct cycle, the memory must be 
rewritten with the corrected data since the address now 
contains data that is complemented. Full error reporting is 
available from the DP8400 after the second read, the com- 
plement read, of memory. This is shown in Table VI. 


This method is a very effective tool to avoid system crash 
due to memory chip failure, and can do much to reduce 
unscheduled field service calls. The only time the system 
will see a double error that is not directly correctable is 
when a double soft error occurs. The probability of this is 
very low if the previously discussed techniques are used. 
The extra time taken to do an additional read and write of 
memory is insignificant when the alternative is a system that 
has a catastrophic failure that requires immediate field serv- 


HARD ERROR 


ORIGINAL DATA/CBs 
WRITTEN TO MEMORY 


HARD 
ERROR 


(vo03]_1~ [oor] 


DATA/CBs READ 
FROM MEMORY 


COMPLEMENT DATA/CBs 
IN DP8400 INPUT LATCHES, 
WRITE BACK TO SAME 
LOCATION IN MEMORY 


READ BACK FROM 
SAME LOCATION 


COMPLEMENT DATA/CBs 
IN DP8400 INPUT LATCHES, 
AND COMPARE CBs 


CORRECT SINGLE ERROR 
USING NORMAL DP8400 
PROCEDURE OF XOR-ING 
DI WITH DE 


ice. Using this technique, software may be provided in the 
system to warn the operator that the system is in a degrad- 
ed operational mode and that field service should occur 
shortly. In the meantime, the system will continue to operate 
properly. The key to the effectiveness of the DP8400 in this 
application is its three error flags which allow complete error 
reporting—including a unique double error indication. 


DP8402A, 3, 4, 5 32-Bit Error Detector and Corrector 
(EDAC) 


In addition to the popular DP8400-2 16-bit error checker/ 
corrector, National offers a family of 32-bit Error Detector 
and Correctors (EDACs). With a few exceptions, the 
DP8402A, 3, 4, 5 function in a similar manner to the 
DP8400-2. One major exception is that the DP8402A, 3, 4,5 
are not expandable beyond 32 bits. 
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FIGURE 12. Double Error Correct Complement Hard Error 
Method—1 Hard Error and 1 Soft Error in Data Bits 


TABLE VI. DP8400 Error Flags after a Complement Read 


jaelet|eo|  Errortype 
po} 0 | 0 | twoHerderors 
1 | 4 | 0 | one Hard Error, One Soft Check Bit Error 


One Hard Error, One Soft Data Bit Error 
f1[o]o| Two Soft Errors, Not Corrected 





MICROPROCESSOR INTERFACE CIRCUITS 


The major 8-bit, 16-bit and 32-bit microprocessors have dif- 
ferent contro! signal timing. There are also a number of 
speed options. The DP8400 family was designed, not for a 
specific microprocessor, but rather, significant control flexi- 
bility has been provided on both the DP84XX DRAM control- 
ler/drivers and the DP84XX error correction devices for 
easy interface to any microprocessor. However, a certain 
amount of ‘glue’ is necessary to interface to these LSI cir- 
cuits, usually in the form of a number of MSI/SSI logic cir- 
cuits. Not only can this be costly in board space utilization, 
but it is usually the one place where the most design related 
problems occur in system development. 


Figures 13 and 14 show the DP8400 family solution to this 
problem—the DP84XX2 series of microprocessor interface 
circuits. Figure 13 shows how the DP84300 refresh timer 
and the DP84XX2 microprocessor interface circuit connect 
to the DP8409A and various microprocessors for a typical 
application. Figure 14 shows the DP8409A and the DP8400 
together in a microprocessor-based memory system using 
DRAMs, with double bit error detect and single bit error cor- 
rect capability. In addition, it shows that with the simple ad- 
dition of some standard data buffers, how the system can 
implement byte writing to the DRAM array. 


This system structure requires the insertion of few or no wait 
states during a memory access cycle, thus maximizing 
throughput. The DP84XxX2 circuits have been designed to 
work with all of National’s DRAM controller/drivers to con- 
trol refreshing so that system throughput is affected only 
when absolutely necessary. First, in any refresh clock peri- 
od of 16 ys, hidden refreshing is given maximum opportuni- 
ty. This can be helped with the optional DP84300 refresh 
interval generator which offers maximum high-to-low ratio- 
ing of RFCK. Second, when a hidden refresh does not occur 
in a particular RFCK cycle, a forced refresh may still not 
affect a slow access cycle. The worst-case is when an ac- 
cess is pending during a forced refresh, in which case a 
three wait state delay is usually the maximum penalty. 


Usually two DP84XX2 type chips would be required to inter- 
face between any microprocessor and the DP8400/ 
DP8409A combined system. These chips would handle the 
read/write control as well as error detection and correction 
control. Table Vil shows the individual DP84XX2 circuits 
that would be used in systems with no error correction, thus 
requiring only the DP84XX DRAM controller/driver function. 
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FIGURE 13. Connecting the DP8409A between 16-Bit Microprocessor and Memory 
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The DP8400 DRAM interface family provides complete solu- 
tions to memory support. This begins with the LSI functions 
such as the DP8400 expandable error checker/corrector 
and the DP8409A DRAM controller/driver. It continues with 


for universal applications with multiple microprocessors, 
with no manufacturers CPU enjoying a favorite role. 

Data sheets and more detailed application information are 
available for all the members of the DP8400 family. Contact 


the DP84240 and the DP84244 high performance buffer/ 
drivers. Finally, it concludes with easy interface to popular 
microprocessors with the use of the DP84XxX2 series. It is 
the first family of DRAM support circuits designed 


your local National Semiconductor representative or Nation- 
al Semiconductor directly. 
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FIGURE 14. Flexible Application of the DP8409A and DP8400. 
This Figure Shows an Application with a 16-Bit Microprocessor. 


TABLE VII. The DP84300 Series of Interface 
Circuits for Various 16-Bit Microprocessors 


Microprocessor System Using 
i DP84XX DRAM Controlier/Driver 


National & Tl DP84412 
Series 32000 
National & TI DP84512 
Series 32332 
Motorola DP84322 or 
68000/08/10 DP84422 
Motorola 
68020 DP84522 
Intel 
80286 DP84532 
Intel 
8086/186/88/188 eesiee 
Zilog (2) 74S64 
8000 (1) 74804 
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Dynamic Memory Control 





Section Contents 


DRAM Controller/Driver Selection Guide 
DP8408A 16k/64k Dynamic RAM Controller/Driver 
DP8409A/NS32809 64k/256k Multi-Mode Dynamic RAM Controller/Driver 


DP8417/NS32817 64k/256k High Speed Dynamic RAM Controller/Driver (TRI-STATE) 
DP8418/NS32818 64k/256k High Speed Dynamic RAM Controller/Driver (32-bit Systems) 
DP8419/NS32819 64k/256k High Speed Dynamic RAM Controller/Driver (16-bit Systems) 
DP8419X/NS32819X 256k to 1 Megabit Dynamic RAM Controller/Driver Bridge 


DP8428/NS32828 1 Megabit Dynamic RAM Controller/Driver (32-bit Systems) 
DP8429/NS32829 1 Megabit Dynamic RAM Controller/Driver (16-bit Systems) 


DP8420/22 Programmable 1 and 4 Mbit Dynamic RAM Controller/Driver 

AN-305 Precautions to Take When Driving Memories 

AN-411 Determining the Speed of the Dynamic RAM Needed for No-Waitstate CPU 
Operation When Using the DP8418, 8419, 8428, 8429 

AB-1 DP8408A/09A/17/18/19/28/29 Application Hints 

AB-9 DP8408A/9A Fastest DRAM Access Mode 

Single-Chip Controllers Cover All RAMs from 16k to 256k 

Dynamic RAM Controller Pushes System Speed to 10 MHz—and Beyond 





DRAM Controller Master Selection Guide 


The data below is intended to highlight the key differentiable features of each DRAM Controller/Driver offered by National Semiconductor. All NSC DRAM controllers integrate 
onboard delay line timing, high capacitive drive, row/column muxing logic, refresh counter, row and column input latches, memory bank select logic. As a result of the family 
feature commonality, most devices offer pin for pin up/downward compatiblity. Beyond this however, the process and design differences between the devices result in a broad 
selection of feature and performance options for the best system fit. 


Device # & 
Speed Options 


DP8408A 
A-2 
A-3 

DP8409A 
A-2 
A-3 

DP8417-80 
-70 


DP8418-80 
-70 


DP8419-80 
-70 


DP8420 & 
DP8422 


DP8428-80 
-70 


DP8429-80 
-70 


DRAMS 
Supported 


16, 64, 256k 
& 1 Mega Bit 


16, 64, 256k 
& 1.Mega Bit 


16, 64, 256k 
& 1 Mega Bit 


Junction 
Isolated 
(S) 
Junction 
Isolated 
(S) 
Oxide 
Isolated 
(ALS) 
Oxide 
Isolated 
(ALS) 


Oxide 
Isolated 
(ALS) 


Oxide 
Isolated 
(ALS) 


Oxide 
Isolated 
(ALS) 


Icc 


A.C. Specified 


Word Width 


4 Banks of 
16 Bit Data w/ 
6 Bit ECC ea. 


4 Banks of 
16 Bit Data w/ 
6 Bit ECC ea. 


4 Banks of 
16 Bit Data w/ 
6 Bit ECC ea. 


2 Banks of 
32 Bit Data w/ 
7 Bit ECC ea. 


4 Banks of 
16 Bit Data w/ 
6 Bit ECC ea. 


2 Banks of 
32 Bit Data w/ 
7 Bit ECC ea. 


2 Banks of 
32 Bit Data w/ 
7 Bit ECC ea. 


4 Banks of 
16 Bit Data w/ 
6 Bit ECC ea. 


Max RAS 
to CAS Out 
*Fast| Slow 

Mode | Mode 


105 ns/125 ns 
85 ns/100 ns 
120 ns/145 ns 


105 ns/125 ns 
85 ns/100 ns 
120 ns/145 ns 


63 ns/80 ns 
50 ns/72 ns 


63 ns/80 ns 
50 ns/72 ns 


63 ns/80 ns 
50 ns/72 ns 


63 ns/80 ns 
50 ns/72 ns 


63 ns/80 ns 
50 ns/72 ns 


Guaranteed Row 
Address Hold 

Slow 

Mode 


*Fast 
Mode 


20 ns/30 ns 
12 ns/20 ns 
20 ns/30 ns 


20 ns/30 ns 
12 ns/20 ns 
20 ns/30 ns 


15 ns/25 ns 
15 ns/25 ns 


15 ns/25 ns 
15 ns/25 ns 


15 ns/25 ns 
15 ns/25 ns 


15 ns/25 ns 
15 ns/25 ns 


15 ns/25 ns 
15 ns/25 ns 


Operating 
Temp Range 


PAGE 
Vcc Package No 
+5V +5% 

1-4 
+5V +10% 
+5V +10% 
+5V +10% 
+5V +10% 
+5V +10% 
+5V +10% 


0°-70°C 
—40°- + 85°C 
—55°- + 125°C 

0°-70°C 
—40°- +85°C 
—55°- + 125°C 

0°-70°C 
—40°- +85°C 
—55°— + 125°C 


0°-70°C 
—40°- + 85°C 
—55°- + 125°C. 
0°-70°C 
—40°- + 85°C 
—55°- + 125°C 


*All AC valves shown factor in worst case loading (including all ouputs switching simultaneously), operating temperature, and Voc supply variables. All delays assume the use of National’s on-board automatic timing and 
delay line logic although external delay line control timing is allowed and supported. 
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DP8408A Dynamic RAM Controller/Driver 


General Description 


Dynamic memory system designs, which formerly required 
several support chips to drive the memory array, can now 
be implemented with a single IC ... the DP8408A Dynamic 
RAM Controller/Driver. The DP8408A is capable of driving 
all 16k and 64k Dynamic RAMs (DRAMs). Since the 
DP8408A is a one-chip solution (including capacitive-load 
drivers), it minimizes propagation delay skews, the major 
performance disadvantage of multiple-chip memory drive 
and control. 


The DP8408A’s 6 modes of operation offer a wide selection 
of DRAM control capabilities. Memory access may be con- 
trolled externally or on-chip automatically; an on-chip re- 
fresh counter makes refreshing less complicated. 


The DP8408A is a 48-pin DRAM Controller/Driver with 8 
multiplexed address outputs and control signals. It consists 
of two 8-bit address latches, an 8-bit refresh counter, and 
control logic. All output drivers are capable of driving 500 pF 
loads with propagation delays of 25 ns. The DP8408A tim- 
ing parameters are specified driving the typical load capaci- 
tance of 88 DRAMs, including trace capacitance. 


The DP8408A has 3 mode-contro! pins: M2, M1, and MO, 
where N2 is in general REFRESH. These 3 pins select 6 
modes of operation. Inputs B1 and BO in the memory ac- 
cess modes (M2 = 1), are select inputs which select one of 
four RAS outputs. During normal access, the 8 address out- 
puts can be selected from the Row Address Latch or the 
Column Address Latch. During refresh, the 8-bit on-chip re- 
fresh counter is enabled onto the address bus and in this 
mode all RAS outputs are selected, while CAS is inhibited. 


The DP8408A can drive up to 4 banks of DRAMs, with each 
bank comprised of 16k’s, or 64k’s. Control signal outputs 
RAS, CAS, and WE are provided with the same drive capa- 
bility. Each RAS output drives one bank of DRAMs so that 
the four RAS outputs are used to select the banks, while 
CAS, WE, and the multiplexed addresses can be connected 
to all of the banks of DRAMs. This leaves the non-selected 
banks in the standby mode (less than one tenth of the oper- 
ating power) with the data outputs in TRI-STATE®. Only the 
bank with its associated RAS low will be written to or read 
from. 


Operational Features 

All DRAM drive functions on one chip—minimizes skew 
on outputs, maximizes AC performance 

wg On-chip capacitive-load drives (specified to drive up to 
88 DRAMs) 

a Drive directly all 16k and 64k DRAMs 

m Capable of addressing 64k and 256k words 

m Propagation delays of 25 ns typical at 500 pF load 

m CAS goes low automatically after column addresses are 
valid if desired 

m Auto Access mode provides RAS, Row to Column, 
select, then CAS automatically and fast 

mw WE follows WIN  unconditionally—offering READ, 
WRITE or READ-MODIFY-WRITE cycles 

@ On-chip 8-bit refresh counter with selectable End-of- 
Count (127 or 255) 

m@ End-of-Count indicated by RF I/O pin going low at 127 
or 255 

m Low input on RF I/O resets 8-bit refresh counter 

= CAS inhibited during refresh cycle 

@ Fall-through latches on address inputs controlled by ADS 

m@ TRI-STATE outputs allow multi-controller addressing of 
memory 

m Control output signals go high-impedance logic ‘'1” 
when disabled for memory sharing 

m Power-up: counter reset, control signals high, address 
outputs TRI-STATE, and End-of-Count set to 127 


Mode Features 

m 6 modes of operation: 3 access, 1 refresh, and 2 set-up 

@ 2 externally controlled modes: 1 access (Mode 4) and 
1 refresh (Modes 0, 1 , 2) 

m™ 2 auto-access modes RAS — R/C — CAS automatic, 
with tray = 20 or 30 ns minimum (Modes 5, 6) 

m Externally controlled All-RAS Access modes for memo- 
ry initialization (Mode 3) 

m@ End-of-Count value of Refresh Counter set by B1 and 
BO (Mode 7) 


DP8408A Interface Between System & DRAM Banks 
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Block Diagram 
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TABLE |. DP8408A Mode Select Options 


' Mode of Operation 


Conditions 


RF I/O = EOC 


Externally Controlled Refresh 





! 


All-RAS Active 

Active RAS defined by Table II 
Active RAS defined by Table II 
Active RAS defined by Table II 
See Table Ill for Mode 7 
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Pin Definitions 


Vcc, GND, GND—Vcc = 5V +5%. The three supply pins 
have been assigned to the center of the package to reduce 
voltage drops, both DC and AC. There are also two ground 
pins to reduce the low level noise. The second ground pin is 
located two pins from Voc, so that decoupling capacitors 
can be inserted directly next to these pins. It is important to 
adequately decouple this device, due to the high switching 
currents that will occur when all 8 address bits change in the 
same direction simultaneously. A recommended solution 
would be a 1 uF multilayer ceramic capacitor in parallel with 
a low-voltage tantalum capacitor, both connected as close 
as possible to pins 36 and 38 to reduce lead inductance. 
See Figure below. 


Vcc (PIN 36) satay (Mane J 
*MULTILAYER 


“TANTALUM 


CERAMIC 
GND (PINS 38, 13) 


TL/F/8408-3 
*Capacitor values should be chosen depending on the particular application. 


RO-R7: Row Address Inputs. 
C0-C7: Column Address Inputs. 


QO0-Q7: Multiplexed Address Outputs—Selected from 
the Row Address Input Latch, the Column Address Input 
Latch, or the Refresh Counter. * 


RASIN: Row Address Strobe Input—Enables selected 
RAS, output when M2 (RFSH) is high, or all RAS, outputs 
when RFSH is low. 


R/C: Row/Column Select Input—Selects either the row or 
column address input latch onto the output bus. 


CASIN: Column Address Strobe Input—lInhibits CAS out- 
put when high in Modes 4 and 3. In Mode 6 it can be used to 
prolong CAS output. 


ADS: Address (Latch) Strobe Input—Row Address, Col- 
umn Address, and Bank Select Latches are fall-through with 
ADS high; Latches on high-to-low transition. 


CS: Chip Select Input—TRI-STATE the Address Outputs 
and puts the control signal into a high-impedance logic “1” 
state when high (except in Mode 0); enables all outputs 
when low. 


MO, M1, M2: Mode Control Inputs—These 3 control pins 
determine the 6 major modes of operation of the DP8408A 
as depicted in Table |. 


RF !/O—The I/O pin functions as a Reset Counter Input 
when set low from an external open-collector gate, or as a 
flag output. The flag goes active-low when M2 = 0 and the 
End-of-Count output is at 127 or 255 (see Table III). 


WIN: Write Enable Input. 

WE: Write Enable Output—Buffered output from WIN.* 
CAS: Column Address Strobe Output—in Modes 5 and 6, 
CAS goes low following valid column address. In Modes 3 
and 4, it transitions low after R/C goes low, or follows 
CASIN going low if R/C is already low. CAS is high during 
refresh.* 

RAS 0-3: Row Address Strobe Outputs—Selects a mem- 
ory bank decoded from B1 and BO (see Table II), if RFSH is 
high. If RFSH is low, all banks are selected.* 

BO, B1: Bank Select Inputs—Strobed by ADS. Decoded to 
enable one of the RAS outputs when RASIN goes low. Also 
used to define End-of-Count in Mode 7 (Table Ill). 


*These outputs may need damping resistors to prevent overshoot, under- 
shoot. See AN-305 ‘Precautions to Take When Driving Memories.” 


TABLE II. Memory Bank Decode 


Bank Select 
(Strobed by ADS) Enabled RAS, 


Connection Diagram 
Dual In-Line Package 


DP8408A 


Top View 


Order Number DP8408AD, DP8408AN or DP8408AN-3 
See NS Package Number D48A or N48A 


NC = No Connection TL/F/8408-—4 





Conditions for all Modes 


INPUT ADDRESSING 


The address block consists of a row-address latch, a column- 
address latch, and a resettable refresh counter. The ad- 
dress latches are fall-through when ADS is high and latch 
when ADS goes low. If the address bus contains valid ad- 
dresses until after the valid address time, ADS can be per- 
manently high. Otherwise ADS must go low while the ad- 
dresses are still valid. 


In normal memory access operation, RASIN and R/C are 
initially high. When the address inputs are enabled into the 
address latches, the row addresses appear on the Q out- 
puts. The address strobe also inputs the bank-select ad- 
dress, (BO and B1). if CS is low, all outputs are enabled. 
When CS is transitioned high, the address outputs go TRI- 
STATE and the contro! outputs first go high through a low 
impedance, and then are held by an on-chip high imped- 
ance. This allows output paralleling with other DP8408As for 
multi-addressing. All outputs go active about 50 ns after the 
chip is selected again. If CS is high, and a refresh cycle 
begins, all the outputs become active until the end of the 
refresh cycle. 


DRIVE CAPABILITY 


The DP8408A has timing parameters that are specified with 
up to 600 pF loads. In a typical memory system this is equiv- 
alent to about 88, 5V-only DRAMs, with trace lengths kept 
to a minimum. Therefore, the chip can drive four banks each 
of 16 or 22 bits, or two banks of 32 or 39 bits, or one bank of 
64 or 72 bits. 


Less loading will slightly reduce the timing parameters, and 
more loading will increase the timing parameters, according 
to the graph of Figure 6. Tne AC performance parameters 
are specified with the typical load capacitance of 88 
DRAMs. This graph can be used to extrapolate the varia- 
tions expected with other loading. 


Because of distributed trace capacitance and inductance 
and DRAM input capacitance, current spikes can be creat- 
ed, causing overshoots and undershoots at the DRAM in- 
puts that can change the contents of the DRAMs or even 
destroy them. To remove these spikes, a damping resistor 
(low inductance, carbon) can be inserted between the 
DP8408A driver outputs and the DRAMs, as close as possi- 
ble to the DP8408A. The values of the damping resistors 
may differ between the different control outputs; RAS’s 
CAS, Q’s and WE. The damping resistors should be deter- 
mined by the first prototypes (not wire-wrapped due to larg- 
er distributed capacitance and inductance). The best values 
for the damping resistors are the critical values giving a crit- 
ically damped transition on the control outputs. Typical val- 
ues for the damping resistors will be between 159 and 
1002, the lower the loading the higher the value. (For more 
information, see AN-305 ‘‘Precautions to Take When Driv- 
ing Memories.”) 


DP8408A DRIVING ANY 16K OR 64K DRAMS 


The DP8408A can drive any 16k or 64k DRAMs. All 16k 
DRAMs are basically the same configuration, including the 
newer 5V-only version. Hence, in most applications, differ- 
ent manufacturers’ DRAMs are interchangeable (for the 
same supply-rail chips), and the DP8408A can drive all 16k 
DRAMS (see Figure 7a). 


There are three basic configurations for the 5V-only 64k 
DRAMs: a 128-row by 512-column array with an on-RAM 
refresh counter, a 128-row by 512-column array with no on- 
RAM refresh counter, and a 256-row by 256-column array 
with no on-RAM refresh counter. The DP8408A can drive all 
three configurations, and at the same time allows them all to 
be interchangeable (as shown in Figure 1b and fc), provid- 
ing maximum flexibility in the choice of DRAMs. Since the 
8-bit on-chip refresh counter can be used as a 7-bit refresh 
counter for the 128-row configuration, or as an 8-bit refresh 
counter for the 256-row configuration, the on-RAM refresh 
counter (if present) is never used. As long as 128 rows are 
refreshed every 2 ms (i.e. 256 rows in 4 ms) all DRAM types 
are correctly refreshed. 


When the DP8408A is in a refresh mode, the RF I/O pin 
indicates that the on-chip refresh counter has reached its 
end-of-count. This end-of-count is selectable as 127 or 255 
to accommodate 16k or 64k DRAMs, respectively. Although 
the end-of-count may be chosen to be either of these val- 
ues, the counter is not reset and always counts to 255 be- 
fore rolling over to zero. 


READ, WRITE AND READ-MODIFY-WRITE CYCLES 


The output signal, WE, determines what type of memory 
access cycle the memory will perform. If WE is kept high 
while CAS goes low, a read cycle occurs. If WE goes low 
before CAS goes low, a write cycle occurs and data at DI 
(DRAM input data) is written into the DRAM as CAS goes 
low. If WE goes low later than towp after CAS goes low, first 
a read occurs and DO (DRAM output data) becomes valid; 
then data DI is written into the same address in the DRAM 
when WE goes low. In this read-modify-write case, DI and 
DO cannot be linked together. The type of cycle is therefore 
controlled by WE, which follows WIN. 


POWER-UP INITIALIZE 


When Vcc is first applied to the DP8408A, an initialize pulse 
clears the refresh counter, the internal control flip-flops, and 
sets the End-of-Count of the refresh counter to 127 (which 
may be changed via Mode 7). As Vcc increases to about 
2.3V, it holds the output control signals at a level of one 
Schottky diode-drop below Vcc, and the output address to 
TRI-STATE. As Vcc increases above 2.3V, control of these 
outputs is granted to the system. 
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DP8408A Driving any 16k or 64k Dynamic RAMs 
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eee ADDRESS 


BUS 


128 ROWS REFRESH 
IN2MS ~ > | [COUNTER 


+32V or +5¥ 16K DYNAMIC RAMS 


TL/F/8408-5 
FIGURE 1a. DP8408A with any 16k DRAMS 
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SOUteN IF, ON-CHIP REFRESH COUNTER, NOT USED 
+5V 64K DYNAMIC RAMS 
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TL/F/8408-6 
FIGURE 1b. DP8408A with 128 Row x 512 Column 64k DRAM 
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FIGURE 1c. DP8408A with 256 x 256 Column 64k DRAM 





Functional Mode Descriptions 


Note: All delay parameters stated in text refer to the DP8408A. Substitute 
the respective delay numbers for the DP8408-2 or DP8408-3 when 
using these devices. 


MODES 0, 1, 2-- EXTERNALLY CONTROLLED 
REFRESH 


In this mode, the input address latches are disabled from 
the address outputs and the refresh counter is enabled. 
When RAS occurs, the enabled row in the DRAM is re- 
freshed. In the Externally Controlled Refresh mode, all RAS 
outputs are enabled following RASIN, and CAS is inhibited. 
This refreshes the same row in all four banks. The refresh 
counter increments when either RASIN or RFSH goes low- 
to-high after a refresh. RF 1/O goes !ow when the count is 
127 or 255, as set by End-of-Count (see Table III), with 
RASIN and RFSH low. To reset the counter to all zeros, RF 
I/O is set low through an external open-collector driver. 


During refresh, RASIN and RFSH must be skewed tran- 
sitioning low such that the refresh address is valid on the 
address outputs of the controller before the RAS outputs go 
low. The amount of time that RFSH should go low before 
RASIN does depends on the capacitive loading of the ad- 


dress and RAS lines. For the load specified in the switching 
characteristics of this data sheet, 10 ns is sufficient. Refer 
to Figure 2. 


To perform externally controlled burst refresh, RASIN is tog- 
gled while RFSH is held low. The refresh counter incre- 
ments with RASIN going low to high, so that the DRAM rows 
are refreshed in succession by RASIN going high to low. 


MODE 3 — EXTERNALLY CONTROLLED 
ALL-RAS WRITE 


This mode is useful at system initialization. The memory ad- 
dress is provided by the processor, which also performs the 
incrementing. All four RAS outputs follow RASIN (supplied 
by the processor), strobing the row address into the 
DRAMs. R/C can now go low, while CASIN may be used to 
control CAS (as in the Externally Controlled Access mode), 
so that CAS strobes the column address contents into the 
DRAMs. At this time WE should be low, causing the data to 
be written into all four banks of DRAMs. At the end of the 
write cycle, the input address is incremented and latched by 
the DP8408A for the next write cycle. 


* INDICATES DYNAMIC RAM PARAMETERS 


|-——_—__ e-——__—_!——+| 


|< tRASINL_ ———_—___> 


|-— teasin—~ 


ee eee ee eee ey eee 


| 


REFRESH CTR 


REFRESH COUNT n 


 tRLEOC 


END OF COUNT 
LOW IF n=127, 255 


ALL RAS's LOW 


COUNTER RESET 


COUNTER RESET 
INPUT FROM 
OPEN COLLECTOR 
TL/F/8408-8 


FIGURE 2. External Control Refresh Cycle (MODES 0, 1, 2) 
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Functional Mode Descriptions (Continued) 


MODE 4 — EXTERNALLY CONTROLLED ACCESS 


This mode facilitates externally controlling all access-timing 
parameters associated with the DRAMs. The application of 
modes 0 and 4 are shown in Figure 3. 


Output Address Selection 


Refer to Figure 4a. With M2 (RFSH) and R/C high, the row 
address latch contents are transferred to the multiplexed 
address bus output Q0-Q7, provided CS is set low. The 
column address latch contents are output after R/C goes 
low. RASIN can go low after the row addresses have been 
set up on QO-(Q7. This selects one of the RAS outputs, 
strobing the row address on the Q outputs into the desired 
bank of memory. After the row-address hold-time of the 
DRAMs, R/C can go low so that about 40 ns later column 
addresses appear on the Q outputs. 


*Resistors required depends 
on DRAM load. 


DRAMs MAYBE 16k, 64k 

FOR 4 BANKS, CAN DRIVE 16 DATA BITS 
+6 CHECK BITS FOR ECC. 

FOR 2 BANKS, CAN DRIVE 32 DATA BITS 
+7 CHECK BITS FOR ECC. 

FOR 1 BANK, CAN DRIVE 64 DATA BITS 
+8 CHECK BITS FOR ECC. 


INPUT CAS 


GND Hese 


ON GMM Udit 


Automatic CAS Generation 


In a normal memory access cycle CAS can be derived from 
inputs CASIN or R/C. If CASIN is high, then R/C going low 
switches the address output drivers from rows to columns. 
CASIN then going low causes CAS to go low approximately 
40 ns later, allowing CAS to occur at a predictable time (see 
Figure 4b). \f CASIN is low when R/C goes low, CAS will be 
automatically generated, following the row to column tran- 
sition by about 20 ns (see Figure 4a). Most DRAMs have a 
column address set-up time before CAS (tasc) of 0 ns or 
—10 ns. In other words, a tasc greater than 0 ns is safe. 
This feature reduces timing-skew problems, thereby improv- 
ing access time of the system. 


Fast Memory Access 


AC parameters tpiF1, tpir2 May be used to determine the 
minimum delays required between RASIN, R/C, and CASIN 
(see Application Brief 9; “Fastest DRAM Access Mode’”’). 


WEES 


SS 


TL/F/8408-9 


FIGURE 3. Typical Application of DP8408A Using Externally Controlled Access and Refresh in Modes 0 and 4 





Timing Diagrams 
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FIGURE 4b. Write Cycle Timing (Mode 4) 
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Functional Mode Descriptions (continue) 


MODE 5—-AUTOMATIC ACCESS 


The Auto Access mode has two advantages over the Exter- 
nally Controlled Access mode, due to the fact that all out- 
puts except WE are initiated from RASIN. First, inputs R/C 
and CASIN are unnecessary. Secondly, because the output 
control signals are derived internally from one input signal 
(RASIN), timing-skew problems are reduced, thereby reduc- 
ing memory access time substantially or allowing use of 
slower DRAMs. The automatic access features of Mode 5 
(and Mode 6) of the DP8408A make DRAM accessing ap- 
pear essentially “static”. 


AUTOMATIC ACCESS CONTROL 


The major disadvantage of DRAMs compared to static 
RAMs is the complex timing involved. First, a RAS must 
occur with the row address previously set up on the multi- 


Timing Diagram 


plexed address bus. After the row address has been held 
for tna, (the Row-Address hold-time of the DRAM), the 
column address is set up and then CAS occurs. This is all 
performed automatically by the DP8408A in this mode. 


Provided the input address is valid as ADS goes low, RASIN 
can go low any time after ADS. This is because the selected 
RAS occurs typically 27 ns later, by which time the row ad- 
dress is already valid on the address output of the 
DP8408A. The Address Setup-Up time (tasp), is 0 ns on 
most DRAMs. The DP8408A in this mode (with ADS and 
RASIN edges simultaneously applied) produces a minimum 
tasr of O ns. This is true provided the input address was 
valid tasa before ADS went low (see Figure 5a). 

Next, the row address is disabled after tray (30 ns mini- 
mum); in most DRAMs, tray minimum is less than 30 ns. 
The column address is then set up and tagc later, CAS 
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FIGURE 5a. Modes 5, 6 Timing (CASIN) High in Mode 6 





Functional Mode Descriptions (continued) 


occurs. The only other control input required is WIN. When 
a write cycle is required, WIN must go low at least 30 ns 
before CAS is output low. 

This gives a total typical delay from: input address valid to 
RASIN (15 ns); to RAS (27 ns); to rows held (50 ns); to 
columns valid (25 ns); to CAS (23 ns) = 140 ns (that is, 125 
ns from RASIN. All of these typical figures are for heavy 
capacitive loading, of approximately 88 DRAMs. This mode 
is therefore extremely fast. The external timing is greatly 
simplified for the memory system designer: the only system 
signal required is RASIN. 


MODE 6—FAST AUTOMATIC ACCESS 


The Fast Access mode is similar to Mode 5, but has a faster 
tra of 20 ns, minimum. It therefore can only be used with 


Timing Diagram 
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fast 16k or 64k DRAMs (which have a tray of 10 ns to 15 
ns) in applications requiring fast access times; RASIN to 
CAS is typically 105 ns. 


In this mode, the R/C pin is not used, but CASIN is used to 
allow an extended CAS after RAS has already terminated. 
Refer to Figure 5b. This is desirable with fast cycle-times 
where RAS has to be terminated as soon as possible before 
the next RAS begins (to meet the precharge time, or trp, 
requirements of the DRAM). CAS may then be held low by 
CASIN to extend the data output valid time from the DRAM 
to allow the system to read the data. CASIN subsequently 
going high ends CAS. If this extended CAS is not required, 
CASIN should be set high in Mode 6. 
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FIGURE 5b. Mode 6 Timing, Extended CAS 
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Functional Mode Descriptions (Continuea) 


MODE 7—SET END-OF-COUNT 

The End-of-Count can be externally selected in Mode 7, 
using ADS to strobe in the respective value of B1 and BO 
(see Table Ill). With B1 and BO the same EOC is 127; with 
B1=0 and BO=1, EOC is 255; and with B1 =1 and BO=0, 
EOC is 127. This selected value of EOC will be used until 
the next Mode 7 selection. At power-up the EOC is automat- 
ically set to 127 (B1 and BO set to 11). 


TABLE Il!. Mode 7 


Bank Select 
End of Count ~10 
(Strobed by ADS) Selected 0 200 400 600 800 1000 


CoF 
TL/F/8408—14 


ae ee a ee 

Ee ee ee eee ee FIGURE 6. Change in Propagation Delay vs. Loading 
Capacitance Relative to a 500 pF Load 

a 
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Absolute Maximum Ratings (note 1) 


Specifications for Military/Aerospace products are not Maximum Power Dissipation* at 25°C 
contained in this datasheet. Refer to the associated Cavity Package 3542 mW 
reliability electrical test specifications document. Molded Package 2833 mW 


Supply Voltage, Voc 7.0V ‘ pad 

Storage Temperature Range —65°C to + 150°C Operating Conditions 

Input Voltage 5.5V Min Max _ Units 
Output Current 150 mA Vcc Supply Voltage 4.75 625 V 
Lead Temperature (Soldering, 10 sec) 300°C Ta Ambient Temperature 0 +70 °C 


*Derate cavity package 23.6 mW/°C above 25°C; derate molded package 
22.7 mW/°C above 25°C. 


Electrical Characteristics voc = 5.0v +5%, 0°C < Ta < 70°C (unless otherwise noted) (Notes 2, 6) 


Ve Vec=Min,Ig=-t2ma | | ~o8 | -12 |v 
lie | InputHigh Current for AllOther Inputs” | Viw=25v | |_| 0A 
WAS! | OutputLoadGurrentforRFVO | Vin =0.5V, OutputHigh || -1.5 | = 25 
WCTL___| Output Load Current for RAS, CAS, WE | Vin=0.5V,Chip Deselect | | -15 | -25 | 
iuz___| Input Low Current for AllOther inputs* | Viw=osv |_| - 0.05 | -05 
Vi | InputLowThreshold =| Tl 
Vix | inputHigh Threshold | | || 
Vor1__| OutputLowvoltages | tc =20ma | | ts |_| 
Vou | OutputHighVoltage* | ton = ~tma |e | 8 | 
ho __| OutputHigh DriveCurent™ | Vour=o.evinotes) | | 200 | 
| OuiputLowDriveCurent™ | Vour=27v (Notes) | | 200 | 
Pieamamerer [eaten [= [oe 
(Address Outputs) CS = 2.0V, Mode 4 
cc | SupplyCurent | Vec= Mex | S| at | as 


“Except RF I/O Output. 





Switching Characteristic DP8408A/DP8408-3 


Voc = 5.0V +5%, 0°C < Ta < 70°C unless otherwise noted (Notes 2, 4, 5). The output load capacitance is typical for 4 banks 
of 22 DRAMs each of 88 DRAMs including trace capacitance. These values are: Q0-Q7, C, = 500 pF; RASO-RAS3, C, = 150 pF; 
WE, C, = 500 pF; CAS, CL = 600 pF, unless otherwise noted. See Figure 7 for test load. Switches S1 and S2 are closed unless 
otherwise noted, and R1 and R2 are 4.7 kf. unless otherwise noted. Maximum propagation delays are specified with all outputs 
switching. 


[| [a 


tRICL 
tRICL 
tRICH 
tRICH 
tRCDL 
tRCDL 
tRCDH 
tACDH 
tCCDH 
tRAH 
tRAH 
tasc 
tasc 
tRCV 
tacv 
tRPDL 
tRPDH 
taPDL 
tAPDH 
{SPDL 
tSPDH 
tasA 
tAHA 
taDs 
tWPDL 
tWPDH 
tcrs 
tcPDL 
tCPDH 
tacc 
tacr 
tRHA 
tccas 


125 | 160 | 95 | 125 | 105 | 
atsosassse ene [reas [oo [es [ws w es 
LFASINto CAS Output Delay (Modes) | Figuresa_ | 40 | 48 | 60 | 40 | 48 | 70 | 
[RAS WCAC oupaDway Moses) [Anreesase [eo] |e [so] = | 5 
| FAS to GAS Output Dolay(Modes) | Figuroéa_— |_| 98 | 125 | | a8 | 145 | 
| FAS to GAS OutputDelay (Modes) | Figuressaso || 78 | 105 | | 78 | 120 | 
RAS to CAS Output Dolay(Modes) | Figuosa |_| a7 | 40 | | a7 | 0 | 
FAS i0GAS OutputDelay (Modes) | Figuoga_— || 40 | 68 || a0 | 5 
CASINtoCAS Output Delay (Modes) | Figures | 40 | 84 | 70 | 40 | 54 | 80 | 
|owAddressHold Time (Modes) | Figuoga_—— | 0 | | | so || 
| Row AddressHoldTime(Mode6) | Figureséaso | 20 | | | ao | | 
[Column Address Setup Time (Modes) | Figuoga_— | 8 | | | @ || 
| Column Address Setup Time (Modes) | Figureséaso || 6 | | | 6 | | 
ASIN to Column Address Valid (Modes) | Figuoga |__| 90 | 120 |_| a0 | 140 
| FASIN to Column Address Valid (Mode6) | Figureséaso | | 78 | 105| | 75 | 120 
LRASINtoRAS Delay | Figurosta, ab, 6a, 50| 20 | 27 | 35 | 20 | a7 | 40 | 
LRASINtoRASDelay | Figurosta, ab, 6a 50| 15 | 23 | 32 | 15 | 23 | 37 | 
[Address Input to Output Low Delay | Figuresda, 4b, 6a 56| | 25 | 40 | | 25 | 46 | 
| Address input to OutputHigh Delay | Figuresda 4b, 6a,50| | 25 | 40 | | 25 | 46 | 
| Adtiress Strobe to Address Outputtow | Figuresa ao, |__| 40 | eo | | 40 | 70 | 
[Address Strobe to Address OutputHigh | Figuresda4o, |_| 40 | 60 | | 40 | 70 | 
Figuresda doa 56| 16 | | | 1s | | 
Figuresda, 4b 6aso| 18 | | | 16 | || 
Address Strobe Pulsewidth | Figuresda ab 6aso| 30 | | | so{ | | 
| WINtoWE OutputDelay | Figured | 5 | 25 | 30 | 15 | 25 | 5 | 
| WINtoWE OutputDelay | Figured | 18 | 30 | 60 | 15 | 30 | 70 | 
| CASIN Setup Time toHASINHigh (Mode) | Figuoso | a8 | | | 5 | | 
| CASINt0GAS Delay (R/ElowinMode 4) | Figuredo |g | at | oe | 2 | at | 7 | 
|CASINtoTAS Delay | Figura | 25 | 99 | 50 | 25 | 20 | 60 | 
Column SelecttoGotumn Address Vaid | Figueaa_— |_| 40 | 88 || 40 | 7 _| 
FowSslectioRow Address Valid | Figuresda4o— |_| 40 | 58 | | 40 | 7 _| 
Flow Address Held fromOolumn Select | Figueda | 10 | | | wo | | 
F/G Low toGAS Low (Mode Auto CAS) | Figuo7a || os | co | || 


Units 
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Switching Characteristics DP8408A/DP8408-3 (continued) 


Voc = 5.0V +5%, 0°C < Ta < 70°C unless otherwise noted (Notes 2, 4, 5). The output load capacitance is typical for 4 banks 
of 22 DRAMs each of 88 DRAMS including trace capacitance. These values are: Q0-Q7, CL = 500 pF; RASO-RASS3, C_ = 150 pF; 
WE, C, = 500 pF; CAS, C_ = 600 pF, unless otherwise noted. See Figure 7 for test load. Switches S1 and S2 are closed unless 
otherwise noted, and R1 and R2 are 4.7 kN unless otherwise noted. Maximum propagation delays are specified with all outputs 
switching. 


Access Parameter 
rg — freer 
ees it ae 
ae eee ee ee 
Refresh Parameter 
[Refresh yclePeriod | Figure? ton | | too] | 
tRASINL H 
tRePDL 
taepon | RASINtoRAS Delay during Refresh | Figure? | 30 
|FFSHLowtoCounter Address Vaid | CS=x.Figuve2 |_| a7 | 60 |__| 47 | 70 | 
|RFSHHightoRow Address Vaid | Figwez2 |_| 45 | 0 |_| 5 | 70 
|FASHightoNewCountvaid | Fiowre2 || 0 | 85 | | 20 | 55 
LRASINLowtoEnd-of-CountLow || = sopF.Figuez | | | eo | | | 80 | 
'RHEOC CLs 20 PR pga 2 i 
[REVO LowtoCounterOutputs Allow | Figure2 |_| 00 | || 100 | 


TRI-STATE Parameter 


CS Low to Address Output High from Hi-Z | Figure 8 

R1 = 3.5k, R2 = 1.5k 
CS High to Address Output Hi-Z from High | CL = 15 pF, Figure 8 

40 40 

R2 = 1k, S1 open 
CS Low to Address Output Low from Hi-Z | Figure 8 35 

R1 = 3.5k, R2 = 1.5k 
CS High to Address Output Hi-Z from Low | Cy = 15 pF, Figure 8 

25 50 

R1 = 1k, S2 open 
CS Low to Control Output High from Figure 8 50 
Hi-Z High R2 = 7500, S1 open 
CS High to Control Output Hi-Z High C. = 15 pF, Figure 8 40 | 75 75 
from High R2 = 7500, Si open 
CS Low to Control Output Low from Figure 8 
Hi-Z High S1, S2 open fst fs] sy 
CS High to Control Output Hi-Z High C_ = 15 pF, Figure 8, 
from Low R2 = 7500, S1 open 
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Switching Characteristics DP8408-2 


Voc = 5.0V +5%, 0°C < Ta < 70°C unless otherwise noted (Notes 2, 4, 5, 7). The output load capacitance is typical for 4 
banks of 22 DRAMs each or 88 DRAMS including trace capacitance. These values are: Q0-Q7, C, = 500 pF; RASO-RASS, C 
= 150 pF, WE, C, = 500 pF; CAS, C_ = 600 pF, unless otherwise noted. See Figure 7 for test load. Switches S1 and S2 are 
closed unless otherwise noted, and R1 and R2 are 4.7 kN unless otherwise noted. Maximum propagation delays are specified 
with all outputs switching. 


Symbol! Access Parameter ere Units 
| min | typ | Max_| 


tic. __|_RASINtoGAS OutputDelay(Modes) | Figuasa__— | 75 | 100 | 190 _ 
tac. __|_FASINtoCAS OutputDelay(Modes) _— | Figuressaso —|_65_| 90 | 115 
trich _| RASINtoTAS OutputDelay(Modes) | Figuresa__— | 40_—*|_48 |_| 
tRICH Figures 6a, 86 | so | 63 | co 
treo. __| RAStoCASOutputDelay (Modes) | Figuese |_| 78 | 100 | 
taco. __| FAStoCASOutputDelay(Modes) | Figuressasb_ |__| a5 

tacDH a7_|_40 
tRoDH 

tocoH 
tra | Row AddressHold Time (Mode §) (Note7) | Figvesa ss || 20 | | 
tran | Row AddressHold Time (Mode 6) (Note7) | Figuessaso || 12 | | | 
tssc__| ColumnAddress Setup Time (Modes) _—|_Figuesa =| 3 | | 
tssc___| Column Address Setup Time (Modes) _— | Figuessaeb = ||_ 3 | | 
taov__| RASINtoColumnAddress Valid (Mode) | _Figuresa_— ||| 105 _| 
taev__| _RASINtoColumn Address Valid(Mode6) | Figureséasb |_| 70_(| 90 
tapo.__| _RASINtoRASDely | Figurosta, 4b, 5a,56 | 20 | 27 | 35 | 
taPDH Figures 4a, 46,5450 | 18 | 23 | 32 
taPOL Figures 4a,4b,5456 | | 25 | 40 _| 
tapoH__| Address inputto Output High Delay |_Figures da, 4b, 5,56 | | 25 | 40 _| 
tspou__| Address Strobe to Address OutputLow | Figuresda db || a0 | 60 
tspon__| Address Strobeto Address OutputHigh | Figuresdaab | | 40| 60 
tasa Figures 4a, 4b, 54,56 | 18 | |_| 
taHia Figures 4a,4b5a,50 | 18 | | 
taps Figures da, 4b,5a50 | 30 | |_| 
tweo.__| WINtoWEOuputDely | Figures || 25 | 90 
tweon__| WINtoWEOutputDelay | Figura | 15—| 30 (| 0 
tors___| CASINSetupTimetoRASINHigh (Modes) | Figueso | 95 | 

topo 41 

tcp 

taco 

taca Figures 4a, 4b 

taHA 10 

toons R/T Low to CAS Low (Mode 4 AutoGAS) | Fiureva «| si || 55 «| ozs | 
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Switching Characteristics DP8408-2 (continued) 

Voc = 5.0V +5%, 0°C < Ta < 70°C unless otherwise noted (Notes 2, 4, 5, 7). The output load capacitance is typical for 4 
banks of 22 DRAMs each or 88 DRAMS including trace capacitance. These values are: Q0-Q7, C_ = 500 pF; RASO-RASS3, C_ 
= 150 pF, WE, C_ = 500 pF; CAS, C, = 600 pF, unless otherwise noted. See Figure 7 for test load. Switches $1 and S2 are 
closed unless otherwise noted, and R1 and R2 are 4.7 kf. unless otherwise noted. Maximum propagation delays are specified 
with all outputs switching. 


ee tee 
a [ne [a 
=z 


eee eee a 
Refresh Parameter 
tac___—«|-RefreshCyclePeriod =| Figuroz?—Cs| Ct | S| 
tRASINL, H Figure 2 
tREPDL RASIN to RAS Delay during Refresh Figure 2 
tRFPOH Figure 2 40 
treict__| _RFSHLowtoCounter Address Valid | CS=x.Figue2 —s|_—— | 47_—| 60 
trennv | AFSHHightoRowAddress Valid =| Figure2— | S| 5 | O_ 
trounc | RASHightoNewCountVaid =| Figure | S| 80 | 
treoc | _RASINLowtoEnd-of-CountLow =| Cu =S0pF,Figure2 | |_| 0 
trueoc _|_RASINHightoEnd-of-CountHigh | CL = S0pF,Fiouree | |_| 80 
tasr__|_CounterResetPulse Width | Figuro2 | 7 | || 
ton__| RF V/OLowtoCounter Outputs AllLow | Figwe2 | || 100 


TRI-STATE Parameter 


CS Low to Address Output High from Hi-Z Figures 9, 12 
Ri = 3.5k, R2 = 1.5k 


CS High to Address Output Hi-Z from High C. = 15 pF, Figures 9, 12 
R2 = 1k, S1 open 


CS Low to Address Output Low from Hi-Z Figures 9, 12 
R1 = 3.5k, R2 = 1.5k 


CS High to Address Output Hi-Z from Low CL = 15 pF, Figures 9, 12 
R1 = 1k, S2 open 





CS Low to Control Output High from Figures 9, 12 
Hi-Z High R2 = 7500, Si open 


CS High to Control Output Hi-Z High CL = 15 pF, Figures 9, 12 
from High R2 = 750, S1 open 


CS Low to Control Output Low from Figure 12, 

Hi-Z High $1, S2 open 

CS High to Control Output Hi-Z High C. = 15 pF, Figure 12, 
from Low R2 = 7500, S1 open 





Input Capacitance Ty, = 25°c (Notes 2, 6) 


| Parameter | Conditions| min | tye | Max _| 
| inputCapacitanceaosvG | || | 
| InputCapacitance allotherinputs | | | | 


Note 1: “Absolute Maximum Ratings” are the values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation. 


Note 2: All typical values are for Ta = 25°C and Voc = 5.0V. 


Note 3: This test is provided as a monitor of Driver output source and sink current capability. Caution should be exercised in testing this parameter. In testing these 
parameters, a 152 resistor should be placed in series with each output under test. One output should be tested at a time and test time should not exceed 1 second. 


Note 4: Input pulse OV to 3.0V, ta = te = 2.5 ns, f = 2.5 MHz, tpw = 200 ns. Input reference point on AC measurements is 1.5V. Output reference points are 2.7V 


for High and 0.8V for Low. 
Note 5: The load capacitance on RF I/O should not exceed 50 pF. 
Note 6: Applies to all DP8408A versions unless otherwise specified. 


Note 7: The DP8408-2 device can only be used with memory devices that meet the tray specification indicated. 


OUTPUT 
UNDER 
TEST 


TEST POINT 


TL/F/8408-15 


FIGURE 7. Output Load Circuit 


Timing Waveform 


TL/F/8408-16 


FIGURE 8 


Applications 


If external control is preferred, the DP8408A may be used in 
Modes 0 or 4, as in Figure 3. 


If basic auto access and refresh are required, then in cases 
where the user requires the minimum of external complexity, 
Modes 0 and 5 are ideal, as shown in Figure 9a. The 
DP843X2 is used to provide proper arbitration between 
memory access and refresh. This chip supplies all the nec- 
essary control signals to the processor as well as the 
DP8408A. Furthermore, two separate CAS outputs are also 


included for systems using byte-writing. The refresh clock 
RFCK may be divided down from either RGCK using an IC 
counter such as the DM74LS393 or better still, the 
DP84300 Programmable Refresh Timer. The DP84300 can 
provide RFCK periods ranging from 15.4 us to 15.6 pus 
based on the input clock of 2 to 10 MHz. Figure 9b shows 
the general timing diagram for interfacing the DP8408A to 
different microprocessors using the interface controller 
DP843X2. 
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Applications (continued) 


16-BIT MICROPROCESSOR DATA BUS 


Ta ee Ge ee ADDRESS BUS RAMS MAY BE 16k OR teen 


RAM Ta ee Ge ee BUS 
fi ADDRESS 
= 
ADDR 
os 1) = 
co  RFCK 
MICROPROCESSOR DP84300 RAS3 
ii DP8408A RAS2 
RKS1 
RASo = 6.7 


a/W 


= 
UPPER BYTE 
LOWER BYTE sal e 
ne ies DP84XX2 
+THE SELECT WAIT INPUT 
TO THE DP843X2 CHIP Wil M2 M1 Mo 
INSERTS A WAIT STATE 
DURING ACCESSING, 
THIS IS NECESSARY 
FOR VERY FAST MICRO- ‘‘ 
PROCESSORS A, CKSU SELECT UPPER BYTE rat 
NECESSARY IF INSTRUCTIONS INCLUDE LCASL SELECT LOWER BYTE 


BYTE-WRITING. OTHERWISE USE CAS DIRECTLY 
_ FROM THE DP8408A TO THE RAMS. NECESSARY IF MORE THAN ONE BANK 


= 





TL/F/8408-17 
FIGURE 9a. Connecting the DP8408A between the 16-Bit Microprocessor and Memory 
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Applications (Continued) 
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[-z--| 


: cot ROW ROW coL 
em Cc Ge Cy, 





*T IS MICROPROCESSOR'S CLOCK PERIOD 
TL/F/8408-18 


FIGURE 9b. DP8408A Auto Refresh 
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National 
Semiconductor 
Corporation 


DP8409A Multi-Mode Dynamic RAM Controller/Driver 


General Description 


Dynamic memory system designs, which formerly required 
several support chips to drive the memory array, can now 


' be implemented with a single IC ... the DP8409A Multi- 


Mode Dynamic RAM Controller/Driver. The DP8409A is ca- 
pable of driving all 16k and 64k Dynamic RAMs (DRAMs) as 
well as 256k DRAMs. Since the DP8409A is a one-chip so- 
lution (including capacitive-load drivers), it minimizes propa- 
gation delay skews, the major performance disadvantage of 
multiple-chip memory drive and control. 


The DP8409A’s 8 modes of operation offer a wide selection 
of DRAM control capabilities. Memory access may be con- 
trolled externally or on-chip automatically; an on-chip re- 
fresh counter makes refreshing (either externally or auto- 
matically controlled) tess complicated; and automatic mem- 
ory initialization is both simple and fast. 


The DP8409A is a 48-pin DRAM Controller/Driver with 9 
multiplexed address outputs and 6 control signals. It con- 
sists of two 9-bit address latches, a 9-bit refresh counter, 
and control logic. All output drivers are capable of driving 
500 pF loads with propagation delays of 25 ns. The 
DP8409A timing parameters are specified driving the typical 
load capacitance of 88 DRAMs, including trace capaci- 
tance. 


The DP8409A has 3 mode-control pins: M2, M1, and MO, 
where M2 is in general REFRESH. These 3 pins select 8 
modes of operation. Inputs B1 and BO in the memory ac- 
cess modes (M2 = 1), are select inputs which select one of 
four RAS outputs. During normal access, the 9 address out- 
puts can be selected from the Row Address Latch or the 
Column Address Latch. During refresh, the 9-bit on-chip re- 
fresh counter is enabled onto the address bus and in this 
mode all RAS outputs are selected, while CAS is inhibited. 


The DP8409A can drive up to 4 banks of DRAMs, with each 
bank comprised of 16k’s, 64k’s, or 256k’s. Control signal 
outputs RAS, CAS, and WE are provided with the same 
drive capability. Each RAS output drives one bank of 
DRAMs so that the four RAS outputs are used to select the 
banks, while CAS, WE, and the multiplexed addresses can 
be connected to all of the banks of DRAMs. This leaves the 
non-selected banks in the standby mode (less than one 
tenth of the operating power) with the data outputs in TRI- 
STATE®. Only the bank with its associated RAS low will be 
written to or read from. 


SYSTEM RAM 
CONTROL CONTROL 
10 6 


DP8409A 


DYNAMIC RAM 


SYSTEM SOOpF DRIVE | MEMORY 


CONTROLLER/ 
20 DRIVER 9 


16k, 64k, OR 
256k DYNAMIC 
RAM BANKS 





SYSTEM 


RAM 
ADDRESS ADDRESS 


TL/F/8409-1 


Operational Features 

w@ All DRAM drive functions on one chip—minimizes skew 
on outputs, maximizes AC peformance 

m On-chip capacitive-load drives (specified to drive up to 
88 DRAMs) 
Drives directly all 16k, 64k, and 256k DRAMs 
Capable of addressing 64k, 256k, or 1M words 
Propagation delays of 25 ns typical at 500 pF load 
CAS goes low automatically after column addresses are 
valid if desired 
Auto Access mode provides RAS, row to column se- 
lect, then CAS automatically and fast 
WE follows WIN unconditionally—offering READ, 
WRITE or READ-MODIFY-WRITE cycles 
On-chip 9-bit refresh counter with selectable End-of- 
Count (127, 255 or 511) 
End-of-Count indicated by RF I/O pin going low at 127, 
255 or 511 
Low input on RF I/O resets 9-bit refresh counter 
CAS inhibited during refresh cycle 
Fall-through latches on address inputs controlled by 
ADS 
TRI-STATE outputs allow multi-controller addressing of 
memory 
Control output signals go high-impedance logic “1” 
when disabled for memory sharing 
Power-up: counter reset, control signals high, address 
outputs TRI-STATE, and End-of-Count set to 127 


Mode Features 

@ 8 modes of operation: 3 access, 3 refresh, and 2 
set-up 

@ 2 externally controlled modes: 1 access and 1 refresh 
(Modes 0, 4) 
2 auto-access modes RAS —> R/C — CAS automatic, 
with taaH = 20 or 30 ns minimum (Modes 5, 6) 
Auto-access mode allows Hidden Refreshing (Mode 5) 
Forced Refresh requested on RF I/O if no Hidden Re- 
fresh (Mode 5) 
Forced Refresh performed after system acknowledge of 
request (Mode 1) 
Automatic Burst Refresh mode stops at End-of-Count 
of 127, 255, or 511 (Mode 2) 
2 All-RAS Acces modes externally or automatically con- 
trolled for memory initialization (Modes 3a, 3b) 
Automatic All-RAS mode with external 8-bit counter 
frees system for other set-up routines (Mode 3a) 
End-of-Count value of Refresh Counter set by B1 and 
BO (Mode 7) 
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Block and Connection Diagrams 


HIGH CAPACITIVE ORIVE 


CAPABILITY OUTPUTS 
WHEN ENABLED 


* INDICATES THAT THERE 


SA 'ULL-U 
RESISTOR ON THESE 
OUTPUTS WHEN THEY 


ARE DISABLED 


BANK SELECT 
INPUT LATCH | 


A/C (RFCK} CONTROL LOGIC 


CASIN (AGCK) ——_—> 


WIN 


RF I/O M2 (RFSH) M1 


68 Pin PCC 


60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46] CAS 
45 


26 a4 
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 


SDE SS BRI 


TL/F/8409-3 


Dual-in-Line Package 


TL/F/8409~2 


Order Number DP8409AD, DP8409AN, 
DP8409AN-3 or DP8409AV-2 
See NS Package Number D48A, N48A or V68A 


Pin Definitions 


Voc, GND, GND—Vcc = 5V +5%. The three supply pins 
have been assigned to the center of the package to reduce 
voltage drops, both DC and AC. There are also two ground 
pins to reduce the low level noise. The second ground pin is 
located two pins from Vcc, so that decoupling capacitors 
can be inserted directly next to these pins. It is important to 
adequately decouple this device, due to the high switching 
currents that will occur when all 9 address bits change in the 
same direction simultaneously. A recommended solution 
would be a 1 F multilayer ceramic capacitor in parallel with 
a low-voltage tantalum capacitor, both connected as close 
as possible to pins 36 and 38 to reduce lead inductance. 
See figure below. 


i ane SI 
“MULTILAYER 


*TANTALUM 


CERAMIC 
GND (PINS 38, 13) ee iss ae 


TL/F/8409--4 
*Capacitor values should be chosen depending on the particular application. 
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DP8409A 


T = 
Top View L/F/8409-5 


RO-R8: Row Address Inputs. 
CO-C8: Column Address !nputs. 
Q0-Q8: Multiplexed Address Outputs—Selected from 


the Row Address Input Latch, the Column Address Input 
Latch, or the Refresh Counter. * 


RASIN: Row Address Strobe Input—Enables selected 
RAS, output when M2 (RFSH) is high, or all RAS, outputs 
when RFSH is low. 


R/C (RFCK)—In Auto-Refresh Mode this pin is the exter- 
nal Refresh Clock Input: one refresh cycle has to be per- 
formed each clock period. In all other modes it is Row/Col- 
umn Select Input: selects either the row or column address 
input latch onto the output bus. 
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Pin Definitions (Continued) 


TABLE I. DP8409A Mode Select Options 


[0 | 0 [0 | Exemaly ContcledRetesh 
[of 0 [+ | AwoReresh—Forced 
Po [+ [0 | intemal auto Burst Rees 
PoP + + | AIRS Autowite 
po [+ | 1 | Exemaly Controled ATRAS Access 
[1 [0 [0 | external Contoted Access 
Pr [0 [+] Ato Access Stow tran Hin Retosh 
Ce a 
Pt [1 setendorcount 


CASIN (RGCK)—In Auto-Refresh Mode, Auto Burst Mode, 
and All-RAS Auto-Write Mode, this pin is the RAS Generator 
Clock input. In all other modes it is CASIN (Column Address 
Strobe Input), which inhibits CAS output when high in 
Modes 4 and 3b. In Mode 6 it can be used to prolong CAS 
output. 


ADS: Address (Latch) Strobe Input—Row Address, Col- 
umn Address, and Bank Select Latches are fall-through with 
ADS high; Latches on high-to-low transition. 


CS: Chip Select Input—The TRI-STATE mode will Address 
Outputs and puts the control signal into a high-impedance 
logic ‘“*1”’ state when high (unless refreshing in one of the 
Refresh Modes). Enables all outputs when low. 


MO, M1, M2: Mode Contro! Inputs—These 3 control pins 
determine the 8 major modes of operation of the DP8409A 
as depicted in Table I. 


RF I/O—The |/O pin functions as a Reset Counter Input 
when set low from an external open-collector gate, or as a 
flag output. The flag goes active-low in Modes 0 and 2 when 
the End-of-Count output is at 127, 255, or 511 (see 
Table Ill). In Auto-Refresh Mode it is the Refresh Request 
output. 

WIN: Write Enable Input. 

WE: Write Enable Output—Buffered output from WIN.* 
CAS: Column Address Strobe Output—In Modes 3a, 5, 
and 6, CAS transitions low following valid column address. 
In Modes 3b and 4, it goes low after R/C goes low, or fol- 
lows CASIN going low if R/C is already low. CAS is high 
duing refresh.* 

RAS 0-3: Row Address Strobe Outputs—Selects a mem- 
ory bank decoded from B1 and BO (see Table Il), if RFSH is 
high. If RFSH is low, all banks are selected.* 

BO, B1: Bank Select Inputs—Strobed by ADS. Decoded to 
enable one of the RAS outputs when RASIN goes low. Also 
used to define End-of-Count in Mode 7 (Table III). 


Conditions for All Modes 


INPUT ADDRESSING 


The address block consists of a row-address latch, a col- 
umn-address latch, and a resettable refresh counter. The 
address latches are fall-through when ADS is high and latch 
when ADS goes low. If the address bus contains valid ad- 
dresses until after the valid address time, ADS can be per- 
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Conditions 


RF I/O = EOC 

RF 1/O = Refresh Request (RFRQ) 
RF I/O = EOC 

RF I/O = EOC; All RAS Active 

All RAS Active 

Active RAS Defined by Table II 
Active RAS Defined by Table II 
Active RAS Defined by Table |I 

See Table III for Mode 7 


manently high. Otherwise ADS must go low while the ad- 
dresses are still valid. 


In normal memory access operation, RASIN and R/C are 
initially high. When the address inputs are enabled into the 
address latches, the row addresses appear on the Q out- 
puts. The address strobe also inputs the bank-select ad- 
dress, (BO and B1). If CS is low, all outputs are enabled. 
When GS is transitioned high, the address outputs go TRI- 
STATE and the control outputs first go high through a low 
impedance, and then are held by an on-chip high imped- 
ance. This allows output paralleling with other DP8409As for 
multi-addressing. All outputs go active about 50 ns after the 
chip is selected again. If CS is high, and a refresh cycle 
begins, all the outputs become active until the end of the 
refresh cycle. 


DRIVE CAPABILITY 


The DP8409A has timing parameters that are specified with 
up to 600 pF loads. In a typical memory system this is equiv- 
alent to about 88, 5V-only DRAMs, with trace lengths kept 
to a minimum. Therefore, the chip can drive four banks each 
of 16 or 22 bits, or two banks of 32 or 39 bits, or one bank of 
64 or 72 bits. 


Less loading will slightly reduce the timing parameters, and 
more loading will increase the timing parameters, according 
to the graph of Figure 10. The AC performance parameters 
are specified with the typical load capacitance of 88 
DRAMs. This graph can be used to extrapolate the varia- 
tions expected with other loading. 


Because of distributed trace capacitance and inductance 
and DRAM input capacitance, current spikes can be creat- 
ed, causing overshoots and undershoots at the DRAM in- 
puts that can change the contents of the DRAMs or even 
destroy them. To remove these spikes, a damping resistor 
(low inductance, carbon) can be inserted between the 
DP8409A driver outputs and the DRAMs, as close as possi- 
ble to the DP8409A. The values of the damping resistors 
may differ between the different contro! outputs; RASs, 
CAS, Q’s, and WE. The damping resistors should be deter- 
mined by the first prototypes (not wire-wrapped due to the 
larger distributed capacitance and inductance). The best 
values for the damping resistors are the critical values giving 
a critically damped transition on the control outputs. Typical 
values for the damping resistors will be between 15 and 
1002, the lower the loading the higher the value. (For more 
information, see AN-305 “Precautions to Take When Driv- 
ing Memories.” ) 





Conditions for All Modes (continue) 
DP8409A DRIVING ANY 16k OR 64k DRAMs 


The DP8409A can drive any 16k or 64k DRAMs. All 16k 
DRAMs are basically the same configuration, including the 
newer 5V-only version. Hence, in most applications, differ- 
ent manufacturers’ DRAMs are interchangeable (for the 
same supply-rail chips), and the DP8409A can drive all 16k 
DRAMs (see Figure 7a). 

There are three basic configurations for the 5V-only 64k 
DRAMs: a 128-row by 512-column array with an on-RAM 
refresh counter, a 128-row by 512-column array with no on- 
RAM refresh counter, and a 256-row by 256-column array 


with no on-RAM refresh counter. The DP8409A can drive ail 
three configurations, and at the same time allows them all to 
be interchangeable (as shown in Figures 1b and 1c), provid- 
ing maximum flexibility in the choice of DRAMs. Since the 
9-bit on-chip refresh counter can be used as a 7-bit refresh 
counter for the 128-row configuration, or as an 8-bit refresh 
counter for the 256-row configuration, the on-RAM refresh 
counter (if present) is never used. As long as 128 rows are 
refreshed every 2 ms (i.e. 256 rows in 4 ms) all DRAM types 
are correctly refreshed. 


DP8409A Interface between System and DRAM Banks 
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FIGURE 1a. DP8409A with any 16k DRAMs 
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FIGURE 1b. DP8409A with 128 Row x 512 Column 64k DRAM 
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FIGURE 1c. DP8409A with 256 x 256 Column 64k DRAM 
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Conditions for All Modes (continued) 


When the DP8409A is in a refresh mode, the RF I/O pin 
indicates that the on-chip refresh counter has reached its 
end-of-count. This end-of-count is selectable as 127, 255 or 
512 to accommodate 16k, 64k or 256k DRAMs. Although 
the end-of-count may be chosen to be any of these, the 
counter always counts to 511 before rolling over to zero. 


READ, WRITE, AND READ-MODIFY-WRITE CYCLES 


The output signal, WE, determines what type of memory 
access cycle the memory will perform. If WE is kept high 
while CAS goes low, a read cycle occurs. If WE goes low 
before CAS goes low, a write cycle occurs and data at Dl 
(DRAM input data) is written into the DRAM as CAS goes 
low. If WE goes low later than tcwp after CAS goes low, first 
a read occurs and DO (DRAM output data) becomes valid; 
then data DI is written into the same address in the DRAM 
when WE goes low. In this read-modify-write case, DI] and 
DO cannot be linked together. The type of cycle is therefore 
controlled by WE, which follows WIN. 


POWER-UP INITIALIZE 


When Vcc is first applied to the DP8409A, an initialize pulse 
clears the refresh counter, the internal control flip-flops, and 
set the End-of-Count of the refresh counter to 127 (which 
may be changed via Mode 7). As Vcc increases to about 
2.3V, it holds the output control signals at a level of one 
Schottky diode-drop below Vcc, and the output address to 
TRI-STATE. As Voc increases above 2.3V, control of these 
outputs is granted to the system. 


DP8409A Functional Mode 
Descriptions 


Note: All delay parameters stated in text refer to the DP8409A. Substitute 
the respective delay numbers for the DP8409-2 or DP8409-3 when 
using these devices. _ 


MODE 0—EXTERNALLY CONTROLLED REFRESH 


Figure 2 is the Externally Controlled Refresh Timing. In this 
mode, the input address latches are disabled from the ad- 
dress outputs and the refresh counter is enabled. When 
RAS occurs, the enabled row in the DRAM is refreshed. In 
the Externally Controlled Refresh mode, all RAS outputs are 
enabled following RASIN, and CAS is inhibited. This refresh- 
es the same row in all four banks. The refresh counter incre- 
ments when either RASIN or RFSH goes low-to-high after a 
refresh. RF i/O goes low when the count is 127, 255, or 
511, as set by End-of-Count (see Table Ill), with RASIN and 
RFSH low. To reset the counter to all zeros, RF I/O is set 
low through an external open-collector driver. 


During refresh, RASIN and RFSH must be skewed tran- 
sitioning low such that the refresh address is valid on the 
address outputs of the controller before the RAS outputs go 
low. The amount of time that RFSH should go low before 
RASIN does depends on the capacitive loading of the ad- 
dress and RAS lines. For the load specified in the switching 
characteristics of this data sheet, 10 ns is sufficient. Refer 
to Figure 2. 

To perform externally controlled burst refresh, RASIN is tog- 
gled while RFSH is held low. The refresh counter incre- 
ments with RASIN going low to high, so that the DRAM rows 
are refreshed in succession by RASIN going high to low. 
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FIGURE 2. External Control Refresh Cycle (Mode 0) 
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DP8409A Functional Mode Descriptions (Continued) 


MODE 1—AUTOMATIC FORCED REFRESH 


In Mode 1, the R/C (RFCK) pin becomes RFCK (refresh 
cycle clock), instead of R/C, and CAS remains high. If 
RFCK is kept permanently high, then whenever M2 (RFSH) 
goes low, an externally controlled refresh will occur and all 
RAS outputs will follow RASIN, strobing the refresh counter 
contents to the DRAMs. The RF I/O pin will always output 
high, but when set low externally through an open-collector 
driver, the refresh counter resets as normal. This externally 
controlled method may be preferred when operating in the 
Automatic Access mode (Mode 5), where hidden or forced 
refreshing is undesirable, but refreshing is still necessary. 


If RFCK is an input clock signa!, one (and only one) refresh 
cycle must take place every RFCK cycle. Refer to Figure 9. 
If a hidden refresh does not occur while RFCK is high, in 
Mode 5, then RF !/O (Refresh Request) goes low immedi- 
ately after RFCK goes low, indicating to the system that a 
forced refresh is requested. The system must allow a forced 
refresh to take place while RFCK is low (refer to Figure 3). 
The Refresh Request signal on RF !/O may be connected 
to a Hold or Bus Request input to the system. The system 
acknowledges the Hold or Bus Request when ready, and 
outputs Hold Acknowledge or Bus Request Acknowledge. If 
this is connected to the M2 (RFSH) pin, a forced-refresh 
cycle will be initiated by the DP8409A, and RAS will be inter- 
nally generated on all four RAS outputs, to strobe the re- 
fresh counter contents on the address outputs into all the 
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DRAMs. An external RAS Generator Clock (RGCK) is re- 
quired for this function. It is fed to the CASIN (RGCK) pin, 
and may be up to 10 MHz. Whenever M2 goes low (inducing 
a forced refresh), RAS remains high for one to two periods 
of RGCK, depending on when M2 goes low relative to the 
high-to-low triggering edge of RGCK; RAS then goes low for 
two periods, performing a refresh on all banks. In order to 
obtain the minimum delay from M2 going low to RAS going 
low, M2 should go low tarsrg before the next falling edge 
of RGCK. The Refresh Request on RF !/Ois terminated as 
RAS begins, so that by the time the system has acknowl- 
edged the removal of the request and disabled its Acknowl- 
edge, (i.e., M2 goes high), Refresh RAS will have ended, 
and normal operations can begin again in the Automatic 
Access mode (Mode 5). If it is desired that Refresh RAS end 
in less than 2 periods of RGCK from the time RAS went low, 
then M2 may be high earlier than taqurr after RGCK goes 
tow and RAS will go high treRH after M2, if CS is low. If CS 
is high, the RAS will go high after 25 ns after M2 goes high. 


To allow the forced refresh, the system will have been inac- 
tive for about 4 periods of RGCK, which can be as fast as 
400 ns every RFCK cycle. To guarantee a refresh of 128 
rows every 2 ms, a period of up to 16 ys is required for 
RFCK. In other words, the system may be down for as little 
as 400 ns every 16 ps, or 2.5% of the time. Although this is 
not excessive, it may be preferable to perform a Hidden 
Refresh each RFCK cycle, which is allowed while still in the 
Auto-Access mode, (Mode 5). 
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FIGURE 3. DP8409A Performing a Forced Refresh (Mode 5 — 1 — 5) with Various Microprocessors 
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FIGURE 4. Auto-Burst Mode, Mode 2 


MODE 2—AUTOMATIC BURST REFRESH 


This mode is normally used before and/or after a DMA op- 
eration to ensure that all rows remain refreshed, provided 
the DMA transfer takes less than 2 ms (see Figure 4). When 
the DP8409A enters this mode, CASIN (RGCK) becomes 
the RAS Generator Clock (RGCK), and RASIN is disabled. 
CAS remains high, and RF I/O goes low when the refresh 
counter has reached the selected End-of-Count and the last 
RAS has ended. RF I/O then remains low until the Auto- 
Burst Refresh mode is terminated. RF I/O can therefore be 
used as an interrupt to indicate the End-of-Burst conditions. 


The signal on all four RAS outputs is just a divide-by-four of 
RGCK; in other words, if RGCK has a 100 ns period, RAS is 
high and low for 200 ns each cycle. The refresh counter 
increments at the end of each RAS, starting from the count 
it contained when the mode was entered. If this was zero, 
then for a RGCK with a 100 ns period with End-of-Count set 
to 127, RF I/O will go low after 128 x 0.4 ps, or 51.2 ps. 
During this time, the system may be performing operations 
that do not involve DRAM. If all rows need to be burst re- 
freshed, the refresh counter may be cleared by setting RF 
1/0 low externally before the burst begins. 


Burst-mode refreshing is also useful when powering down 
systems for long periods of time, but with data retention still 
required while the DRAMs are in standby. To maintain valid 
refreshing, power can be applied to the DP8409A (set to 
Mode 2), causing it to perform a complete burst refresh. 
When end-of-burst occurs (after 26 ys), power can then be 
removed from the DP8409A for 2 ms, consuming an aver- 
age power of 1.3% of normal operating power. No control 
signal glitches occur when switching power to the 
DP8409A. 


MODE 3a—-ALL-RAS AUTOMATIC WRITE 


Mode 3a is useful at system initialization, when the memory 
is being cleared (i.e., with all-zeros in the data field and the 
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corresponding check bits for error detection and correction). 
This requires writing the same data to each location of 
memory (every row of each column of each bank). All RAS 
outputs are activated, as in refresh, and so are CAS and 
WE. To write to all four banks simultaneously, every row is 
strobed in each column, in sequence, until data has been 
written to all locations. 


To select this mode, B1 and BO must have previously been 
set to 00, 01, or 10 in Mode 7, depending on the DRAM size. 
For example, for 16k DRAMs, B1 and BO are 00. For 64k 
DRAMs, B1 and BO are 01, so that for the configuration of 
Figure 1b, the 8 refresh counter bits are strobed by RAS into 
the 7 row addresses and the ninth column address. After 
this Automatic-Write process, B1 and BO must be set again 
in Mode 7 to 00 to set End-of-Count to 127. For the configu- 
ration of Figure 1c, B1 and BO set to 01 will work for Auto- 
matic-Write and End-of-Count equals 255. 


In this mode, R/C is disabled, WE is permanently enabled 
low, and CASIN (RGCK) becomes RGCK. RF I/O goes low 
whenever the refresh counter is 127, 255, or 511 (as set by 
End-of-Count in Mode 7), and the RAS outputs are active. 


Referring to Figure 5a, an external 8-bit counter (for 64k 
DRAMs) with TRI-STATE outputs is required and must be 
connected to the column address inputs. It is enabled only 
during this mode, and is clocked from RF !/O. The 
DP8409A refresh counter is used to address the rows, and 
the column address is supplied by the external counter. Ev- 
ery row for each column address is written to in all four 
banks. At the End-of-Count RF I/O goes low, which clocks 
the external counter. 


Therefore, for each column address, the refresh counter 
first outputs row-0 to the address bus and all four RAS out- 
puts strobe this row address into the DRAMs (see Figure 
5b). A minimum of 30 ns after RAS goes low (tray = 
30 ns), the refresh counter is disabled and the column ad- 
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dress input Jatch is enabled onto the address bus. About 
14 ns after the column address is valid, CAS goes low, (tasc 
= +14 ns), strobing the column address into the DRAMs. 
When RAS and CAS go high the refresh counter increments 
to the next row and the cycle repeats. Since WE is kept low 
in this mode, the data at DI (input data) of the DRAMs is 
written into each row of the latched column. During each 
cycle RAS is high for two periods of RGCK and low for two 
periods, giving a total write-cycle time of 400 ns minimum, 
which is adequate for most 16k and 64k DRAMs. On the last 
row of acolumn, RF I/O increments the external counter to 
the next column address. 
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At the end of the last column address, an interrupt is gener- 
ated from the external counter to let the system know that 
initialization has been completed. During the entire initializa- 
tion time, the system can be performing other initialization 
functions. This approach to memory initialization is both au- 
tomatic and fast. For instance, if four banks of 64k DRAMs 
are used, and RGCK is 100 ns, a write cycle to the same 
location in all four banks takes 400 ns, so the total time 
taken in initializing the 64k DRAMs is 65k xX 400 ns or 
26 ms. When the system receives the interrupt, the external 
counter must be permanently disabled. ADS and CS are 
interfaced by the system, and the DP8409A mode is 
changed. The interrupt must then be disabled. 
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FIGURE 5a. DP8409A Extra Circuitry Required for All-RAS Auto Write Mode, Mode 3a 
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DP8409A Functional Mode Descriptions (Continued) 


MODE 3b—EXTERNALLY CONTROLLED ALL-RAS 
WRITE 


To select this mode, B1 and BO must first have been set to 
11 in Mode 7. This mode is useful at system initialization, 
but under processor control. The memory address is provid- 
ed by the processor, which also performs the incrementing. 
All four RAS outputs follow RASIN (supplied by the proces- 
sor), strobing the row address into the DRAMs. R/C can 
now go low, while CASIN may be used to control CAS (as in 
the Externally Controlled Access mode), so that CAS 
strobes the column address contents into the DRAMs. At 
this time WE should be low, causing the data to be written 
into all four banks of DRAMs. At the end of the write cycle, 
the input address is incremented and latched by the 
DP8409A for the next write cycle. This method is slower 
than Mode 3a since the processor must perform the incre- 
menting and accessing. Thus the processor is occupied dur- 
ing RAM initialization, and is not free for other initialization 
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operations. However, initialization sequence timing is under 
system control, which may provide some system advantage. 


MODE 4—EXTERNALLY CONTROLLED ACCESS 


This mode facilitates externally controlling all access-timing 
parameters associated with the DRAMs. The application of 
modes 0 and 4 are shown in Figure 6. 


Output Address Selection 


Refer to Figure 7a. With M2 (RFSH) and R/C high, the row 
address latch contents are transferred to the multiplexed 
address bus output Q0-Q8, provided CS is set low. The 
column address latch contents are output after R/C goes 
low. RASIN can go low after the row addresses have been 
set up on QO-QS8. This selects one of the RAS outputs, 
strobing the row address on the Q outputs into the desired 
bank of memory. After the row-address hold-time of the 
DRAMs, R/C can go low so that about 40 ns later column 
addresses appear on the Q outputs. 
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FIGURE 6. Typical Application of DP8409A Using External Control Access and Refresh in Modes 0 and 4 
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DP8409A Functional Mode Descriptions (continued) 


Automatic CAS Generation 


In a normal memory access cycle CAS can be derived from 
inputs CASIN or R/C. If CASIN is high, then R/C going low 
switches the address output drivers from rows to columns. 
CASIN then going low causes CAS to go low approximately 
40 ns later, allowing CAS to occur at a predictable time (see 
Figure 7b). \f CASIN is low when R/C goes low, CAS will be 
automatically generated, following the row to column tran- 
sition by about 20 ns (see Figure 7a). Most DRAMs have a 
column address set-up time before CAS (tasc) of 0 ns or 
~10 ns. In other words, a tasc greater than 0 ns is safe. 


Fast Memory Access 


AC parameters tpiF1, tpir2 may be used to determine the 
minimum delays required between RASIN, R/C, and CASIN 
(see Application Brief 9; “Fastest DRAM Access Mode”). 


MODE 5—AUTOMATIC ACCESS WITH HIDDEN REFRESH 


The Auto Access with Hidden Refresh mode has two ad- 
vantages over the Externally Controlled Access mode, due 
to the fact that all outputs except WE are initiated from 
RASIN. First, inputs R/C and CASIN are unnecessary and 
can be used for other functions (see Refreshing, below). 
Secondly, because the output control signals are derived 
internally from one input signal (RASIN), timing-skew prob- 
lems are reduced, thereby reducing memory access time 
substantially or allowing use of slower DRAMs. The auto- 
matic access features of Mode 5 (and Mode 6) of the 
DP8409A make DRAM accessing appear essentially “stat- 


a 


ic”. 
Automatic Access Control 


The major disadvantage of DRAMs compared to static 
RAMs is the complex timing involved. First, a RAS must 
occur with the row address previously set up on the multi- 
plexed address bus. After the row address has been held 
for tray, (the Row-Address hold-time of the DRAM), the 
column address is set up and then CAS occurs. This is all 
performed automatically by the DP8409A in this mode. 


Provided the input address is valid as ADS goes low, RASIN 
can go low any time after ADS. This is because the selected 
RAS occurs typically 27 ns later, by which time the row ad- 
dress is already valid on the address output of the 
DP8409A. The Address Set-Up time (tasp), is 0 ns on most 
DRAMs. The DP8409A in this mode (with ADS and RASIN 
edges simultaneously applied) produces a minimum taspr of 
0 ns. This is true provided the input address was valid tasa 
before ADS went low (see Figure 6a). 


Next, the row address is disabled after tray (80 ns mini- 
mum); in most DRAMS, tray minimum is less than 30 ns. 
The column address is then set up and tasc later, CAS 
occurs. The only other control input required is WIN. When 
a write cycle is required, WIN must go low at least 30 ns 
before CAS is output low. 


This gives a total typical delay from: input address valid to 
RASIN (15 ns); to RAS (27 ns); to rows held (50 ns); to 
columns valid (25 ns); to CAS (23 ns) = 140 ns (that is, 
125 ns from RASIN). All of these typcial figures are for 
heavy capacitive loading, of approximately 88 DRAMs. 
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This mode is therefore extremely fast. The external timing is 
greatly simplified for the memory system designer: the only 
system signal required is RASIN. 


Refreshing 


Because R/C and CASIN are not used in this mode, R/C 
becomes RFCK (refresh clock) and CASIN becomes RGCK 
(RAS generator clock). With these two signals it is possible 
to peform refreshing without extra ICs, and without holding 
up the processor. 


One refresh cycle must occur during each refresh clock pe- 
riod and then the refresh address must be incremented to 
the next refresh cycle. As long as 128 rows are refreshed 
every 2 ms (one row every 16 8), all 16k and 64k DRAMs 
will be correctly refreshed. The cycle time of RFCK must, 
therefore, be less than 16 us. RFCK going high sets an 
internal refresh-request flip-flop. First the DP8409A will at- 
tempt to perform a hidden refresh so that the system 
throughput will not be affected. If, during the time RFCK is 
high, CS on the DP8409A goes high and RASIN occurs, a 
hidden refresh will occur. In this case, RASIN should be 
considered a common read/write strobe. In other words, if 
the processor is accessing elsewhere (other than the 
DRAMs) while RFCK is high, the DP8409A will perform a 
refresh. The refresh counter is enabled to the address out- 
puts whenever CS goes high with RFCK high, and all RAS 
outputs follow RASIN. If a hidden refresh is taking place as 
RFCK goes low, the refresh continues. At the start of the 
hidden refresh, the refresh-request flip-flop is reset so no 
further refresh can occur until the next RFCK period starts 
with the positive-going edge of RFCK. Refer to Figure 9. 


To determine the probability of a Hidden Refresh occurring, 
assume each system cycle takes 400 ns and RFCK is high 
for 8 ys, then the system has 20 chances to not select the 
DP8409A. If during this time a hidden refresh did not occur, 
then the DP8409A forces a refresh while RFCK is low, but 
the system chooses when the refresh takes place. After 
RFCK goes low, (and the internal-request flip-flop has not 
been reset), RF I/O goes low indicating that a refresh is 
requested to the system. Only when the system acknowl- 
edges this request by setting M2 (RFSH) low does the 
DP8409A initiate a forced refresh (which is performed auto- 
matically). Refer to Mode 1, and Figure 3. The internal re- 
fresh request flip-flop is then reset. 


Figure 9 illustrates the refresh alternatives in Mode 5. If a 
hidden refresh has occurred and CS again goes high before 
RFCK goes low, the chip is deselected. All the contro! sig- 
nals go high-impedance high (logic ‘‘1”) and the address 
outputs go TRI-STATE until CS again goes low. This mode 
(combined with Mode 1) allows very fast access, and auto- 
matic refreshing (possibly not even slowing down the sys- 
tem), with no extra ICs. Careful system design can, and 
should, provide a higher probability of hidden refresh occur- 
ring. The duty cycle of RFCK need not be 50-percent; in 
fact, the low-time should be designed to be a minimum. This 
is determined by the worst-case time (required by the sys- 
tem) to respond to the DP8409A’s forced-refresh request. 
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DP8409A Functional Mode Descriptions (Continued) 


TABLE II. Memory Bank Decode 


Bank Select 
(Strobed by ADS) Enabled RAS, 


Note that RASIN going low earlier than tcsp,_ after CS goes 
low may result in the DP8409A interpreting the RASIN as a 
hidden refresh RASIN if no hidden refresh has occurred in 
the current RFCK cycle. In this case, all RAS outputs would 
go low for a short time. Thus, it is suggested that when 
using Mode 5, RASIN should be held high until tosry after 
CS goes low if a refresh is not intended. Similarly, CS should 
be held low for a minimum of tcsr_ after RASIN returns high 
when ending the access in Mode 5. 


MODE 6—FAST AUTOMATIC ACCESS 

The Fast Access mode is similar to Mode 5, but has a faster 
tRaH of 20 ns, minimum. It therefore can only be used with 
fast 16k or 64k DRAMs (which have a tray of 10 ns to 
15 ns) in applications requiring fast access times; RASIN to 
CAS is typically 105 ns. 

In this mode, the R/C (RFCK) pin is not used, but CASIN 
(RGCK) is used as CASIN to allow an extended CAS after 
RAS has already terminated. Refer to Figure 8b. This is de- 


200 


400 


CoF 


sirable with fast cycle-times where RAS has to be terminat- 
ed as soon as possible before the next RAS begins (to meet 
the precharge time, or tap, requirements of the DRAM). 
CAS may then be held low by CASIN to extend the data 
output valid time from the DRAM to allow the system to read 
the data. CASIN subsequently going high ends CAS. If this 
extended CAS is not required, CASIN should be set high in 
Mode 6. 

There is no internal refresh-request flip-flop in this mode, so 


any refreshing required must be done by entering Mode 0 or 
Mode 2. 


MODE 7--SET END-OF-COUNT 


The End-of-Count can be externally selected in Mode 7, 
using ADS to strobe in the respective value of B1 and BO 
(see Table III). With B1 and BO the same EOC is 127; with 
B1 = 0 and BO = 1, EOC is 255; and with B1 = 1 and BO 
= 0, EOC is 511. This selected value of EOC will be used 
until the next Mode 7 selection. At power-up the EOC is 
automatically set to 127 (B1 and BO set to 11). 


TABLE Ill. Mode 7 


Bank Select 
(Strobed by ADS) 


0 
1 
0 
1 


End of Count 
Selected 





TL/F/8409-20 


FIGURE 10. Change in Propagation Delay vs. Loading Capacitance Relative to a 500 pF Load 
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H i Maximum Power Dissipation* at 25°C 
Absolute Maximum Ratings (note 1) Cava peckade seas st 


Specifications for Military/Aerospace products are not Molded Package 2833 mW 
contained in this datasheet. Refer to the associated 
reliability electrical test specifications document. *Derate cavity package 23.6 mW/°C above 25°C; derate molded package 


Supply Vol tage, Voc 7.0V 22.7 mW/°C above 25°C, 


Storage Temperature Range —65°C to + 150°C Operating Conditions 
Input Voltage _ §.5V Min Max 


Output Current 150 mA Voc Supply Voltage 4.75 5.25 
Lead Temperature (Soldering, 10 seconds) 300°C Ta Ambient Temperature 0 +70 


Electrical Characteristics Voc = 5.0V +5%, 0°C < Ta < 70°C (unless otherwise noted) (Notes 2, 6) 


symbol | Parameter | Condition | Min | Typ | Max | Units 
Vo Voo=Minig= -12ma | | -o8 | -12 |v 
inn | InputHighGurrentforADS, A/GOny | vw=26v_ || 20 | 100 | 
ine | InputHighGurrentforAllOtherinputst [| viv=26v_ | || 60 | 
WAS! | OutputLoadGurentforRFVO | Vin=0.5V,OutputHigh | | “1.5 | -25 | 
hCTL | Output Load Current for RAS, GAS, WE | Viv=0.5V,ChipDesolect | | -15 | -25 

hus 

nz 

Vi__| InputtowThreshold | 

a a a 2 
Vorr__| OutputLowvottaget | ou =20ma_ ||| 
Vorz | OutputLowVoltageforRFVO | Ian=10ma_— || |S 
Vous | OutputHigh Vottaget | ton = -tma | || 


Vor2 | OutputHigh VoltageforRFVO | _lon=-100HA | 24 | a5 | | 

hp | OutputHigh DriveCurrent® | Vour=o.8viNotes) | | ~200 | | 

| OutputLow DrveCurent™ | Vour=27viNotes) | | 200 | 
+t Outputs) CS = 2.0V, Mode 4 

| Voc=Mex | | as0 | 


| SupplyCurrent = Current Voc = Max 
“Except RF 1/O Output. 


Switching Characteristics: DP8409A/DP8409A-3 

Voc = 5.0V +5%, 0°C < Ta < 70°C (unless otherwise noted) (Notes 2, 4, 5). The output load capacitance is is typical for 4 banks 
of 22 DRAMs each or 88 DRAMs including trace capacitance. These values are: QO-Q8, C, = 500 pF; RASO-RAS3, C, = 
150 pF; WE, C, = 500 pF; CAS, C, = 600 pF, (unless otherwise noted). See Figure 77 for test load. Switches S1 and S2 are 
closed unless otherwise noted, and R1 and R2 are 4.7 kf. unless otherwise noted. Maximum propagation delays are specified 
with all outputs switching. 


aie. [oe oT ye 


ACCESS 


|_RASIN to CAS Output Delay (Modes) | Figuresa | _95 | 125 | 160 | 95 | 125 | 185 | 
|_RASIN to CAS Output Delay (Mode 6) | Figuressa6b | eo | tos | 140 | 80 | 105 | 160 | 
| RASIN to CAS Output Delay (Modes) | Figuresa | 40 | 48 | 60 | 40 | 48 | 70 | 
| ASIN to CAS Output Delay (Mode 6) | Figureséaab | 50 | 63 | so | 0 | 63 | 95 | 

RAS to CAS Output Delay (Mode 5) Figure 8a | | 8 | 125 | | on | 145 | 
| FAS to CAS Output Delay (Modes) | Figureséaeb | | 78 | 105 | | 78 | 120 | 
| FAS toCAS Output Delay (Modes) | Figureaa | | 27_| 40 | (| 27 | 40 | 
| FAStoCAS Output Delay (Mode) | Figureea | | 40 | 65 | | 40 | 65 | 
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Switching Characteristics: DP8409A/DP8409A-3 (continue) 

Voc = 5.0V +5%, 0°C < Ta < 70°C (unless otherwise noted) (Notes 2, 4, 5). The output load capacitance is typical for 4 banks 
of 22 DRAMs each or 88 DRAMs including trace capacitance. These values are: QO-Q8, C_ = 500 pF; RASO-RAS3, C, = 
150 pF; WE, C, = 500 pF; CAS, C_ = 600 pF, (unless otherwise noted). See Figure 17 for test load. Switches $1 and S2 are 
closed unless otherwise noted, and R1 and R2 are 4.7 kN unless otherwise noted. Maximum propagation delays are specified 
with all outputs switching. 


esses 
[min | Typ | Max | min | Typ | tax. 
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ACCESS (Continued) 


tooo _| GASINtoTAS Output Delay(Modes) | Figuroao_——| 40 | 84 | 70 | 40 | 54 | 80 | 
tan | RowAddressHold Time (Modes) | Fguroga— | | | | ao || 
taan | RowAddressHold Time (Modes) | Figureséaao | 20 | | | ao| | 
taso___| Column Address Setup Time (Modes) | Figwosa | 8 | | | oh || 
taso___| Column Address Setup Time (Mode6) | Figurestaso | 6 | | | 6 | | 
trov__| FASINto Column Address Valid (Modes) | Figuoea |_| a0 | 120 | | 20 | 140 | 
taov__| ASIN to Column Address Valid (Mode6) | Figureséaso |_| 75 | 105| | 75 | 120, 
tapo.__| RASINtoRAS Delay | Figures 7a, 70, 0a,66 | 20 | 27 | 35 | 20 | 27 | 40 | 
tapon_ | RASINtoRASDelay | Figures 7a, 7b, 6a66 | 15 | 23 | 32 | 15 | 23 | 37_ 
tapor__| Address Input toOutput Low Delay | Figures 7a, 7ba66 | | 25 | 40 | | 25 | 46 
tapon | Address Input to OutputHigh Delay | Figures 7a, 7b a6 | | 25 | 40 | | 25 | 46 
tspor__| Address Strobeto Address OutputLow | Figures7a7o |_| 40 | 60 | | 40 | 70_ 
tspon | Address Strobeto Address Output High | Figures 7a7o |_| 40 | eo | | 40 | 70_ 
tasa___| Address SetUpTimetoads | Figures 7a 7o6a6o | 15 | | | 15 { | 
tAHA Figures 7a, 76a 80 | 18| | | | | 
twos ___| Adress Strobe Pulsowistn | Figures 7a, 7,0a6 | 30| | | so] | 
tweot | WINtoWE Output Delay | Figure | 18 | 5 | 0 | 15 | 25 | 35 
tweon | WINtoWE OutputDelay | Figura | 18 | 30 | 60 | 15 | 30 | 70 | 
tons__| GASIN Set-Up Time to ASIN High (Mode 6) | Figuroao | 35 | 

toPoL 

toPoH 

tao 

tao Figures 7a 7 |_| 40 | se | | 40 | 7 | 
taa___| RowAddressHeld from Column Select | Figuro7a_ | 10 | | | to] | 
tocas _| R/C LowtoTASLow(Mode4AutoGAS) | Figuo7a | fs | ao | | | 
tort ___| Maximum apo. ~taya) | Seo Mode 4 Desorip, | | | 13 | [| 18 
tore | Maximum(taco ~ topo) | See Mode descrip, | | [13 | | | te | 


REFRESH 
[RetreshOyclePeriod | Figuroz too] | too] 
tnasint, | PulseWicth of RASINduringRetresn | Figuroe | so | | | sol | 


tareo.__| RASINtoAS Delay duringRetresh | Figures |_38 | 50 | 70 | 35 | 50 | 20 | 
tarpon | FASINtoRAS Delay duringRetresh | Figures29 | 30 | 40 | 85 | 30 | 40 | 65_ 
tartot_| RFSHLowtoCounter Address Vaid | CS =x,Figues2.3.4| | 47 | eo | | 47 | 70 | 
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Switching Characteristics: DP8409A/DP8409A-3 (continued) 

Voc = 5.0V £5%, 0°C < Ta < 70°C (unless otherwise noted) (Notes 2, 4, 5). The output load capacitance is typical for 4 banks 
of 22 DRAMs each or 88 DRAMs including trace capacitance. These values are: QO~Q8, C, = 500 pF; RASO-RAS3, C, = 
150 pF; WE, C_ = 500 pF; CAS, C, = 600 pF, (unless otherwise noted). See Figure 77 for test load. Switches S1 and S2 are 
closed unless otherwise noted, and R1 and R2 are 4.7 kO. unless otherwise noted. Maximum propagation delays are specified 
with all outputs switching. 


ee  scsescsca 
[min | typ | tax | win | typ | Max | 





REFRESH (Continued) 


tarav | RFSHHigh toRowAddress Vaid | Figures29_ |_| a5 | 60 |_| 8 | 70 | 
trounce | RASHightoNewCount Vaid | Figures || 30 | 5 |_| 30 | 55 
tazoo | RASINLowtoEnd-otCountlow |G. = S008, Figue2 | | | 80 | | | 80 | 
taHeoo | RASINHigh toEnd-of-CountHigh |G. = S0pF.Figue2 | | | 80 | | | 80 
'RGEOB G.=s0pF.Fgue4 | | | 95 | | | 9s | 
twczos | ModeGhangetoEndofBurstHigh | C= 60pF.Fgures | | | 75 | | 75 | 
tast___| CounterResetPulsewith | Figure2 | | || ot | 
ton__| RF VOLowtoGounterOutputsaitow | Figue2 || too | [|__| 100 
faFoKL,H| Minimum Pulse widthofAFCK | Figueg | x00] || too] 
T___| Period of RASGeneratorGlock | Figures | x00] | too] | 
facckt | MinimumPulse Wieth LowofRGck | Figures | a8 | | tao || 
tacokn | MinimumPulse Width HighofRack | Figures | a5 | | ao || 
tenat__| RFCKLowtoForcedAFAGLow | Cu = S0pF.Fiures | | 20 | 30 | | 20 | 30 | 
tena | RGCKLowtoForcedAFRGHigh | = S0pF.Fiuros | | 60 | 75 |__| 50 | 75 | 
fagrt__|RGOKLowtoRASLow | Figures | 80 | 65 | 95 | 50 | 5 | 95 | 
tacri | RGCKLowtoRASHigh | Figures | 40 | 60 | 85 | 40 | 0 | 88 | 
taounr | RFSHHoldTimetromAFSHRGST RFI) | Fours | at | | | ar | | 
tara _| RFSH High to RAS High (ending forced RFSH) | See Mode 1 Descrip. | 65 | 80 | 110 | 55 | 80 | 125, 
tarsna_| FSH Low SetUptoRGCK Low (Mode 1) | SeeModetDescrp. | 36 | | | ao | |_| 
tosct_|CSHightoRFSHCountervaid | Figureg |_| 85 | 70 |_| 85 | 75 | 
tosnt__|CSlowtoAccessRASNLow | See ModeSDescrip. | 30] | | so | |_| 


TRI-STATE 


CS Low to Address Output High from Hi-Z Figures 9, 12, 
R1 = 3.5k, R2 = 1.5k 


CS High to Address Output Hi-Z from High CL = 15 pF, 
Figures 9, 12, 20 40 
R2 = 1k, Si Open 
CS Low to Address Output Low from Hi-Z Figures 9, 12, 35 
R1 = 3.5k, R2 = 1.5k 


CS High to Address Output Hi-Z from Low Cy = 15 pF, 
Figures 9, 12, 
R1 = 1k, S2 Open 
CS Low to Control Output High from Figures 9, 12, 50 
Hi-Z High R2 = 750, S1 Open 


CS High to Control Output Hi-Z High CL = 15 pF, 
from High Figures 9, 12, 40 | 75 75 
R2 = 750, S1 Open 
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Switching Characteristics: DP8409A/DP8409A-3 (Continued) 

Voc = 5.0V +5%, 0°C < Ta < 70°C (unless otherwise noted) (Notes 2, 4, 5). The output load capacitance is typical for 4 banks 
of 22 DRAMs each or 88 DRAMs including trace capacitance. These values are: QO-Q8, C_ = 500 pF; RASO-RAS3, C, = 
150 pF; WE, C_ = 500 pF; CAS, C, = 600 pF, (unless otherwise noted). See Figure 17 for test load. Switches S1 and S2 are 
closed unless otherwise noted, and R1 and R2 are 4.7 kN unless otherwise noted. Maximum propagation delays are specified 
with all outputs switching. 


symbol Conaitions Unit 
| Min | typ | Max | min | typ | Max | 


TRI-STATE (Continued) 


CS Low to Control Output Low from | Figure 12, 
Hi-Z High $1,S2 Open 


CS High to Control Output Hi-Z High 
from Low Figure 12, 
R2 = 7500, $1 Open 


Switching Characteristics: DP8409A-2 

Voc = 5.0V +5%, 0°C < Ta < 70°C (unless otherwise noted) (Notes 2, 4, 5). The output load capacitance is typical for 4 banks 
of 22 DRAMs each or 88 DRAMs including trace capacitance. These values are: Q0-Q8, C, = 500 pF; RASO-RAS3, CL = 
150 pF; WE, C, = 500 pF; CAS, C, = 600 pF, (unless otherwise noted). See Figure 717 for test load. Switches S1 and S2 are 
closed unless otherwise noted, and R1 and R2 are 4.7 kf unless otherwise noted. Maximum propagation delays are specified 
with all outputs switching. 


[nin [tye [wax] 


ACCESS 


tact __| RASINtoTAS Output Delay(Modes) | Figuoaa | 78 | 100 | 130_| 
tric. __|_RASINtoTAS Output Delay(Mode 6) | Figuresbaao |__| 90 | 115 
tric | RASINtoCAS Output Delay(Modes) | Figurosa— | 40 (| 48 | 60 | 
tao Figures 8a, 8b | so | 63 | 80 
taco. _| RAStoTASOutputDelay (Modes) | Figuosa || 78 | 100 | 
troo.__| FAStoTASOutputDelay (Modes) | Figuresdaso | | as | 85 
taoon | RAStoCASOutputDelay(Modes) | Figuosa ||| a0 
tnoDy Figure 8a ae a 
tooo Figure 8b | 40 | 64 | 70 
tran | Row AddressHold Time (Mode ) (Note 7) | Figuesa | 20 | | 
tra | Row Address Hold Time (Mode 6)(Note7)_| Figuesaaao | 12 | | 
taso___| Column Address SetUpTime (Modes) | Figuesa |_| | 
tase Figures 68, Bb aoe ee 
taov__|_RASINto Column Address Valid (Modes) | Figurosa || 80 | 105 | 
trav Figures 68, 8b | | mo | 80 | 
tapou Figures 7a,7,6a,8b | 20 | 27 | 35 
tapOH Figures 7a 76,838 | 15 | 23 | 32 | 
tapoL Figures 7a, 762,80 | | 25 | 40 
tapon | Address Input to OutputHigh Delay | Figures 7a, 7,628 | | 25 | 40 
tspot__| Address Strobe to Address OutputLow | Figures7a 76 |_| 40_| 60 
tspon | Address Strobeto Address Output High | Figures 7a7o |_| 40 | 60 
tesa | Address Set-UpTimetoans | Figures 7a, 766060 | 18 | | | 
tsa | AddressHoldTimetromaDs | Figures 7a, 76 8a6o | 16 | | | 
taDs Figures 7a, 7,680 | 30 | | 


1-39 


Vv60r8dG 





DP8409A 


Switching Characteristics: DP8409A-2 (Continued) 

Voc = 5.0V +5%, 0°C < Ta < 70°C (unless otherwise noted) (Notes 2, 4, 5). The output load capacitance is typical for 4 banks 
of 22 DRAMs each or 88 DRAMs including trace capacitance. These values are: Q0-Q8, C_ = 500 pF; RASO-RAS3, CL = 
150 pF; WE, CL = 500 pF; CAS, C_ = 600 pF, (unless otherwise noted). See Figure 77 for test load. Switches S1 and S2 are 
closed unless otherwise noted, and R1 and R2 are 4.7 kQ unless otherwise noted. Maximum propagation delays are specified 


with all outputs switching. 
Conditions sted Units 
| min | typ | Max_| 
ACCESS (Continued) 


tweo.__| WiNtoWEOutputDelay =| Figure | | 25 | 90 | os 
tweon | WINtoWEOutputDelay | Figo | 18 | 30 | 60 | os 
tors _|_CASINSet-UpTimetoRASINHigh(Mode6) | Figuess | 95 | | 
tCPDL CASIN to CAS Delay (R/C Low in Mode 4) | Figue7> =i (tsté‘(;éf( Ot | 
tcpDH CASIN to CAS Delay (R/C Low in Mode 4) ee ec 
troc Column Select to Column Address Valid | Figue7a = tCidT | tC 
tron ___|_RowSelecttoRow Address Vaid | Figures7a 7b | | 40 | 58 
trun | _RowAddressHeldfromColumnSelect_ | Figure7a_— | to | | 
tocas___|_A/CLowtoCASLow(Mode4 AutoCAS) | Figure7a | =| 5 | 75 
tori |_ Maximum tapo.— tana) | See Mode Deseript. | | | 13 
tore |_Maximum(tacc ~ topo) =| See Mode 4Deseript. | | | 13. 


REFRESH 
Figure 2 joo | | 
ee ae 


Figure 2 


Symbol Parameter 


tro Refresh Cycle Period 
tRASINL, H Pulse Width of RASIN during Refresh 


tRFEPDL RASIN to RAS Delay during Refresh 
tRFEPDH RASIN to RAS Delay during Refresh 
tRELCT RFSH Low to Counter Address Valid 
tREHAV RFSH High to Row Address Valid 
tROHNC RAS High to New Count Valid 
tRLEOC RASIN Low to End-of-Count Low 
tRHEOC RASIN High to End-of-Count High 
tRGEOB RGCK Low to End-of-Burst Low 


Figures 2, 9 

Figures 2,9 

CS = X, Figures 2, 3, 4 
Figures 2, 3 

Figures 2, 4 

CL = 50 pF, Figure 2 
CL = 50 pF, Figure 2 
CL = 50 pF, Figure 4 
Cy = 50 pF, Figure 4 


N 
ai 


tucEoB Mode Change to End-of-Burst High 


trast Counter Reset Pulse Width Figure 2 70 


tcTL RF I/O Low to Counter Outputs All Low | Figro2 =| ids tt 
tRECKL, H Minimum Pulse Width of RFCK | Figeo9 «ss | too | id] 
T Period of RAS Generator Clock | Fires = | too | dT 
tagcKL Minimum Pulse Width Low of RGCK | Fives = tits | 
track | _ Minimum Pulse Width High of RGCK | Fires = ti] ts | 
tFRAL RFCK Low to Forced RFRQ Low | cL =s0pF,Figures | | 20 | 30 | 
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Switching Characteristics: DP8409A-2 (continued) 

Voc = 5.0V £5%, 0°C < Ta < 70°C (unless otherwise noted) (Notes 2, 4, 5). The output load capacitance is typical for 4 banks 
of 22 DRAMs each or 88 DRAMs including trace capacitance. These values are: QO-Q8, C_ = 500 pF; RASO-RAS3, C, = 
150 pF; WE, C, = 500 pF; CAS, C, = 600 pF, (unless otherwise noted). See Figure 17 for test load. Switches S1 and S2 are 
closed unless otherwise noted, and R1 and R2 are 4.7 kQ. unless otherwise noted. Maximum propagation delays are specified 
with all outputs switching. 


8409A-2 


Parameter 


REFRESH (Continued) 


RGCK Low to Forced RFAG High CL=50pF, Figures | | so | 75 | 


tFRQH 


tRGRL 
tRGRH 


tRFRH 
tRFSRG 
tcscT 
tCSAL 
tZH 


tz 


tZL 


tz 


tHZH 


tHHz 


tHzL 


tLHz 


RGCK Low to RAS Low 


| RGCKLowtoRASHigh | Frguros | 40 | 60 | 88 


40 
tanner | FSH Hold Time from RESH OST (RF 1/0) oT 


RSH High to RAS High (Ending Forced RFSH) | SeeMode1Descrip. | 55 | 80 | 110 
RFSH Low Set-Up to RGCK Low (Mode 1) See Mode 1 Descrip. 35 | | 


CS High to RFSH Counter Vali | Fgues | 88 


CS Low to Access RASIN Low See Mode 5 Descrip. Ee ae ae 


CS Low to Address Output High from Hi-Z 


CS High to Address Output Hi-Z from High 


CS Low to Address Output Low from Hi-Z 


CS High to Address Output Hi-Z from Low 


CS Low to Control Output High from 
Hi-Z High 


CS High to Control Output Hi-Z High 
from High 


CS Low to Control Output Low from 
Hi-Z High 


CS High to Control Output Hi-Z High 


Figures 9, 12, 

R1 = 3.5k, R2 = 1.5k 
CL = 15pF, 

Figures 9, 12, 

R2 = 1k, S1 Open 


Figures 9, 12, 
R1 = 1k, S2 Open 


Figures 9, 12, 
R2 = 7500, S1 Open 


CL = 15 pF, 
Figures 9, 12, 


R2 = 7502, S1 Open 


Figure 12, 
$1, S2 Open 


CL = 15 pF, 


from Low Figure 12, 


R2 = 750, S1 Open 


Input Capacitance T, = 25°c (Notes 2, 6) 


| Parameter | Conditions| Min _| 
| inputCapacitanceans VE | | | | 
|__Input apacitance aulOtherinouts | | | 


Note 1: “Absolute Maximum Ratings” are the values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device operation. 


Note 2: All typical values are for Ta = 25°C and Vcc = 5.0V. 

Note 3: This test is provided as a monitor of Driver output source and sink current capability. Caution should be exercised in testing these parameters. In testing 
these parameters, a 152 resistor should be placed in series with each output under test. One output should be tested at a time and test time should not exceed 1 
second. 

Note 4: Input pulse OV to 3.0V, ta = te = 2.5 ns, f = 2.5 MHz, tpw = 200 ns. Input reference point on AC measurements is 1.5V. Output reference points are 2.7V 
for High and 0.8V for Low. 


Note 5: The load capacitance on RF !/O should not exceed 50 pF. 
Note 6: Applies to all DP8409A versions unless otherwise specified. 
Note 7: The DP8409A-2 device can only be used with memory devices that meet the tray specification indicated. 
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Applications 


if external control is preferred, the DP8409A may be used in 
Mode 0 or 4, as in Figure 6. 


If basic auto access and refresh are required, then in cases 
where the user requires the minimum of external complexity, 
Modes 1 and 5 are ideal, as shown in Figure 13a. The 
DP843X2 is used to provide proper arbitration between 
memory access and refresh. This chip supplies all the nec- 
essary control signals to the processor as well as the 
DP8409A. Furthermore, two separate CAS outputs are also 
included for systems using byte-writing. The refresh clock 
RFCK may be divided down from either RGCK using an IC 
counter such as the DM74LS393 or better still, the 
DP84300 Programmable Refresh Timer. The DP84300 can 
provide RFCK periods ranging from 15.4 ws to 15.6 ps 
based on the input clock of 2 to 10 MHz. Figure 13b shows 
the general timing diagram for interfacing the DP8409A to 
different microprocessors using the interface controller 
DP843X2. 


OUTPUT 
UNDE 


TEST POINT 


= TL/F/8409-21 
FIGURE 11. Output Load Circuit 


If the system is complex, requiring automatic access and 
refresh, burst refresh, and all-banks auto-write, then more 
circuitry is required to select the mode. This may be accom- 
plished by utilizing a PAL®. The PAL has two functions. One 
as an address comparator, so that when the desired port 
address occurs (programmed in the PAL), the comparator 
gates the data into a latch, where it is connected to the 
mode pins of the DP8409A. Hence the mode of the 
DP8409A can be changed as desired with one PAL chip 
merely by addressing the PAL location, and then outputting 
data to the mode-control pins. In this manner, all the auto- 
matic modes may be selected, assigning R/C as RFCK al- 
ways, and CASIN as RGCK always. The output from RF I/O 
may be used as End-of-Count to an interrupt, or Refresh 
Request to HOLD or BUS REQUEST. A complex system 
may use Modes 5 and 1 for automatic access and refresh, 
Modes 8a and 7 for system initialization, and Mode 2 (auto- 
burst refresh) before and after DMA. 


TL/F/8409-22 
FIGURE 12. Waveform 


16-BIT MICROPROCESSOR DATA BUS 


MICROPROCESSOR ADDRESS 8US 


ADDRESS 
DECODER 


ay 
FOR VERY FAST MICRO- 
PROCESSORS 


CASU SELECT UPPER BYTE 


CASL SELECT LOWER BYTE 
NECESSARY JF INSTRUCTIONS INCLUDE 
BYTE-WRITING, OTHERWISE USE CAS DIRECTLY 
FROM THE OP8409A TO THE RAMS. 


RAMS MAY BE 16k, 64k, 
or 256k 


RAM ADDRESS BUS 


a 


DPB409A 


RAS1 


CHS 


RASIN WE i 
RF I/O M2 M1 MO i 


NECESSARY IF MORE THAN ONE SANK —> 


TL/F/8409-23 


FIGURE 13a. Connecting the DP8409A Between the 16-Bit Microprocessor and Memory 
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Applications (Continued) 


HIDOEN FORCED ‘ 
| REFRESH | REFRESH 
ACCESS 
|-wemony cvevee|=— evsewnene—| |-- MEMORY CYCLE +|-— MEMORY CYCLE 
CYCLE 


OP84300 MINIMIZES LOW TIME TO 
D 20 CLOCKS MAXIMIZING CHANCE OF 
HIDDEN REFRESH 
| SELECTING | 
cs ELSEWHERE 
TY 


EY 


AFSH 
OP8409A OUTPUTS 
FRO 


RAS OUTPUTS . SELD'D ALL T\ SEL'D 


ar 


= X= X= XK = 
NY 


*T IS MICROPROCESSOR’S CLOCK PERIOD 


TL/F/8409-24 
FIGURE 13b. DP8409A Auto Refresh 
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DP8417/NS32817/84 18/328 18/8419/32819/8419X/32819X 


National 
Semiconductor 
Corporation 


PRELIMINARY 


DP8417/NS32817, 8418/32818, 8419/32819, 8419X/ 
32819X 64k, 256k Dynamic RAM Controller/Drivers 


General Description 


The DP8417/8418/8419/8419X represent a family of 256k 
DRAM Controller/Drivers which are designed to provide 
“No-Waitstate” CPU interface to Dynamic RAM arrays of up 
to 2 Mbytes and larger. Each device offers slight functional 
variations of the DP8419 design which are tailored for differ- 
ent system requirements. All family members are fabricated 
using National’s new oxide isolated Advanced Low power 
Schottky (ALS) process and use design techniques which 
enable them to significantly out-perform all other LSI or dis- 
crete alternatives in speed, level of integration, and power 
consumption. 


Each device integrates the following critical 256k DRAM 
controller functions on a single monolithic device: ultra pre- 
cise delay line; 9-bit refresh counter; fall-through row, col- 
umn, and bank select input latches; Row/Column address 
muxing logic; on-board high capacitive-load RAS, CAS, and 
Write Enable & Address output drivers; and, precise control 
signal timing for all the above. 


There are four device options of the basic DP8419 Control- 
ler. The DP8417 is pin and function compatible with the 
DP8419 except that its outputs are TRI-STATE®. The 
DP8418 changes one pin and is specifically designed to 
offer an optimum interface to 32 bit microprocessors. The 
DP8419X is functionally identical to the DP8419, but is avail- 
able in a 52-pin DIP package which is upward pin compati- 
ble with National’s new DP8429D 1 Mbit DRAM Controller/ 
Driver. 


Each device is available in plastic DIP, Ceramic DIP, and 
Plastic Chip Carrier (PCC) packaging. (Continued) 


System Diagram 


Operational Features 

m Makes DRAM Interface and refresh tasks appear virtu- 
ally transparent to the CPU, making DRAMs as easy to 
use as static RAMs 
Specifically designed to eliminate CPU wait states up to 
10 MHz or beyond 
Eliminates 15 to 20 SSI/MSI components for significant 
board real estate reduction, system power savings and 
the elimination of chip-to-chip AC skewing 
On-board ultra precise delay line 
On-board high capacitive RAS, CAS, WE, and address 
drivers (specified driving 88 DRAMs directly) 
AC specified for directly addressing up to 8 Megabytes 
Low power/high speed bipolar oxide isolated process 
Upward pin and function compatible with new DP8428/ 
DP8429 1 Mbit DRAM controller drivers 
Downward pin and function compatible with DP8408A/ 
DP8409A 64k/256k DRAM controller/drivers 
4 user selectable modes of operation for Access and 
Refresh (2 automatic, 2 external) 
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@ Application Description and Diagrams 
m DC/AC Electrical Specifications, Timing Diagrams and 
Test Conditions 
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General Description (Continued) 


In order to specify each device for “true” worst case operat- 
ing conditions, all timing parameters are guaranteed while 
the chip is driving the capacitive load of 88 DRAMs includ- 
ing trace capacitance. The chip's delay timing logic makes 
use of a patented new delay line technique which keeps 
A.C. skew to +3 ns over the full Voc range of +10% and 
temperature range of —55°C to +125°C. The DP8417, 
DP8418, DP8419, and DP8419X guarantee a maximum 
RASIN to CASOUT delay of 80 ns or 70 ns even while driv- 
ing a 2 Mbyte memory array with error correction check bits 
included. Speed selected options of these devices are 
shown in the switching characteristics section of this docu- 
ment. 

With its four independent RAS outputs and nine multiplexed 
address outputs, the DP8419 can support up to four banks 
of 16k, 64k or 256k DRAMs. Two bank select pins, B1 and 
BO, are decoded to activate one of the RAS signals during 


an access, leaving the three non-selected banks in the 
standby mode (less than one tenth of the operating power) 
with data outputs in TRI-STATE. 


The DP8419 has two mode-select pins, allowing for two re- 
fresh modes and two access modes. Refresh and access 
timing may be controlled either externally or automatically. 
The automatic modes require a minimum of input control 
signals. 


A refresh counter is on-chip and is multiplexed with the row 
and column inputs. Its contents appear at the address out- 
puts of the DP8419 during any refresh, and are incremented 
at the completion of the refresh. Row/Column and bank 
address latches are also on-chip. However, if the address 
inputs to the DP8419 are valid throughout the duration of 
the access, these latches may be operated in the fall- 
through mode. 


System Companion Components 


| device [Function 


DP84300 
DP84412 
DP84512 
DP84322 
DP84422 
DP84522 
DP84432 
DP84532 
DP8400-2 
DP8400-4 
DP8402A 
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Programmable Refresh Timer for DP84xx DRAM Controller 
NS32008/16/32 to DP8409A/17/18/19/28/29 Interface 

NS32332 to DP8417/18/19/28/29 Interface 

68000/08/10 to DP8409A/17/18/19/28/29 Interface (up to 8 MHz) 
68000/08/10 to DP8409A/17/18/19/28/29 Interface (up to 12.5 MHz) 
68020 to DP8417/18/19/28/29 Interface 

8086/88/186/188 to DP8409A/17/18/19/28/29 Interface 

80286 to DP8409A/17/18/19/28/29 Interface 


16-bit Expandable Error Checker/Corrector 
16-bit Expandable Error Checker/Corrector 
32-bit Error Detector and Corrector (EDAC) 
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Block Diagrams 


DP8417, 8419 and 8419X 
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Connection Diagrams (0ual-in-Line Package) 
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Order Number DP8417D-70, DP8417D-80, DP8417N-70, DP8417N-80, 
DP8418D-70, DP8418D-80, DP8418N-70, DP8418N-80, 
DP8419D-70, DP8419D-80, DP8419N-70, DP8419N-80, 
DP8419XD-70 or DP8419XD-80. 
See NS Package Number D48A, D52A, or N48A 
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DP8417/NS32817/84 18/328 18/84 19/32819/8419X/32819X 


Connection Diagrams (Continued) 
Plastic Chip Carrier Package 


lz" Ss 


66 65 64 63 62 61 
60 


59 

58 

57 

56 

55 

54 

53 
DP8418 52 

51 

50 

49 

48 

47 

46] CAS 

45 


or} M2 (RFSH) 
cx] CASIN (RGCK) 


nm] R/C (RFCK) 


26 44 
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 


TL/F/8396-31 


Plastic Chip Carrier Package 
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Order Number DP8417V-70, DP8417V-80, DP8418V-70, 
DP8418V-80, DP8419V-70 or DP8419V-80 
See NS Package Number V68A 
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Family Device Differences 
DP8417 vs DP8419 


The DP8417 is identical to the DP8419 with the exception 
that its RAS, CAS, WE and Q (Multiplexed Address) outputs 
are TRI-STATE when CS (Chip Select) is high and the chip 
is not in a refresh mode. This feature allows access to the 
same DRAM array through multiple DRAM Controller/Driver 
DP8417s. All AC specifications are the same as the DP8419 
except tcsp_o which is 34 ns for the DP8417 versus 5 ns 
for the DP8419. Separate delay specifications for the TRI- 
STATE timing paths are provided in the AC tables of this 
data sheet. 


DP8418 vs DP8419 


The DP8418 DYNAMIC RAM CONTROLLER/DRIVER is 
identical to the DP8419 with the exception of two functional 
differences incorporated to improve performance with 32-bit 
microprocessors. 


1) Pin 26 (B1) is used to enable/disable a pair of RAS out- 
puts, and pin 27 (BO on the DP8419) is a no connect. 
When B1 is low, RASO and RAS1 are enabled such that 
they both go low during an access. When B71 is high, 
RAS2 and RAS3 are enabled. This feature is useful when 
driving words to 32 bits or more since each RAS would 
be driving only one half of the word. By distributing the 
load on each RAS line in this way, the DP8418 will meet 
the same AC specifications driving 2 banks of 32 DRAMs 
each as the DP8419 does driving 4 banks of 16 bits each. 


2) The hidden refresh function available on the DP8419 has 
been disabled in order to reduce the amount of setup 
time necessary from CS going low to RASIN going low 
during an access of DRAM. This parameter, called 
tcsr\ct, is 5 ns for the DP8418 whereas it is 34 ns for the 
DP8419. The hidden refresh function only allows a very 
small increase in system performance, at best, at micro- 
processor frequencies of 10 MHz and above. 


DP8419 vs DP8409A 


The DP8419 High Speed DRAM Controller/Driver combines 
the most popular memory control features of the 
DP8408A/9A DRAM Controller/Driver with the high speed 
of bipolar oxide isolation processing. 


The DP8419 retains the high capacitive-load drive capability 
of the DP8408A/9A as well as its most frequently used ac- 
cess and refresh modes, allowing it to directly replace the 
DP8408A/9A in applications using only modes 0, 1, 4 and 5. 
Thus, the DP8419 will allow most DP8408A/9A users to 
directly upgrade their system by replacing their old control- 
ler chip with the DP8419. 


The highest priority of the DP8419 is speed. By peforming 
the DRAM address multiplexing, contro! signal timing and 
high-capacitive drive capability on a single chip, propagation 
delay skews are minimized. Emphasis has been placed on 
reducing delay variation over the specified supply and tem- 
perature ranges. 


Except for the following, a DP8419 will operate essentially 
the same as a DP8409A. 


1) The DP8419 has significantly faster AC performance. 


2) The DP8419 can replace the DP8409A in applications 
which use modes 0, 1, 4, and 5. Modes 2, 3, 6, and 7 of 
the DP8409A are not available on the DP8419. 
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3) Pin 4 on the DP8419 is RAHS instead of M1, as on the 
DP8409A, and allows for two choices of taay in mode 5. 


4) RFI/O does not function as an end-of-count signal in 
Mode 0 on the DP8419 as it does on the DP8409A. 


5) DP8419 address and control! outputs do not TRI-STATE 
when CS is high as on the DP8409A. DP8419 control 
outputs are active high when CS is high (unless refresh- 


ing). 


Pin Definitions 


Vcc, GND, GND — Vcc = 5V +10%. The three supply 
pins have been assigned to the center of the package to 
reduce voltage drops, both DC and AC. There are two 
ground pins to reduce the low level noise. The second 
ground pin is located two pins from Vcc, so that decoupling 
capacitors can be inserted directly next to these pins. It is 
important to adequately decouple this device, due to the 
high switching currents that will occur when all 9 address 
bits change in the same direction simultaneously. A recom- 
mended solution would be a 1 F multilayer ceramic capaci- 
tor in parallel with a low-voltage tantalum capacitor, both 
connected as close as possible to Vcc and GND to reduce 
lead inductance. See Figure below. 


VCC as aay i 
*MULTILAYER 


“TANTALUM 


CERAMIC ae Ty 
GNO 


TL/F/8396-4 
*Capacitor values should be chosen depending on the particular application. 
RO-R8: Row Address Inputs. 
C0-C8: Column Address Inputs. 
Q0-Q8: Multiplexed Address Outputs - This address is 
selected from the Row Address Input Latch, the Column 
Address Input Latch or the Refresh Counter. 
RASIN: Row Address Strobe Input - RASIN directly con- 
trols the selected RAS output when in an access mode and 
all RAS outputs during hidden or external refresh. 
R/C (RFCK) - In the auto-modes this pin is the external 
refresh clock input; one refresh cycle should be performed 
each clock period. In the external access mode it is Row/ 
Column Select Input which enables either the row or column 
address input latch onto the output bus. 
CASIN (RGCK) - In the auto-modes this pin is the RAS 
Generator Clock input. In external access mode it is the 
Column Address Strobe input which controls CAS directly 
once columns are enabled on the address outputs. 
ADS: Address (Latch) Strobe Input - Row Address, Col- 
umn Address, and Bank Select Latches are fall-through with 
ADS high; latching occurs on high-to-low transition of ADS. 
CS: Chip Select Input - When high, CS disables all access- 
es. Refreshing, however, in both modes 0 and 1 is not af- 
fected by this pin. 
MO, M2 (RFSH): Mode Control Inputs - These pins select 
one of the four available operational modes of the DP8419 
(see Table Ill). 
RFI/O: Refresh Input/Output - In the auto-modes this pin 
is the Refresh Request Output. It goes low following RFCK 
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Pin Definitions (Continued) 

indicating that no hidden refresh was performed while RFCK 
was high. When this pin is set low by an external gate the 
on-chip refresh counter is reset to all zeroes. 

WIN: Write Enable Input. 

WE: Write Enable Output - WE follows WIN unconditional- 
ly. 

RAHS: Row Address Hold Time Select - Selects the tay 
to be generated by the DP8419 delay line to allow use with 
fast or slow DRAMs. 

CAS: Column Address Strobe Output - In mode 5 and in 
mode 4 with CASIN low before R/C goes low, CAS goes 
low automatically after the column address is valid on the 
address outputs. In mode 4 CAS follows CASIN directly af- 
ter R/C goes low, allowing for nibble accessing. CAS is al- 
ways high during refresh. 

RAS 0-3: Row Address Strobe Outputs - The enabled 
RAS output (see Table II) follows RASIN directly during an 
access. During refresh, all RAS outputs are enabled. 

BO, B1: Bank Select Inputs - These pins are decoded to 
enable one of the four RAS outputs during an access (see 
Table | and Table II). 


TABLE I. DP8417, DP8419, DP8419X 
Memory Bank Decode 


Bank Select 
(Strobed by ADS) 


Enabled RAS, 


TABLE II. DP8418 Memory Bank Decode 


Bank Select 
(Strobed by ADS) Enabled RAS, 


RASp and RAS; 


RAS» and RAS3 





X 
X 


Conditions for All Modes 


INPUT ADDRESSING 


The address block consists of a row-address latch, a col- 
umn-address latch, and a resettable refresh counter. The 
address latches are fall-through when ADS is high and latch 
when ADS goes low. If the address bus contains valid ad- 
dresses until after CAS goes low at the end of the memory 
cycle, ADS can be permanently high. Otherwise ADS must 
go low while the addresses are still valid. 


DRIVE CAPABILITY 


The DP8419 has timing parameters that are specified driv- 
ing the typical capacitance (including traces) of 88, 5V-only 
DRAMs. Since there are 4 RAS outputs, each is specified 
driving one-fourth of the total memory. CAS, WE and the 
address outputs are specified driving all 88 DRAMs. 

The graph in Figure 70 may be used to determine the slight 
variations in timing parameters, due to loading conditions 
other than 88 DRAMs. 
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Because of distributed trace capacitance and inductance 
and DRAM input capacitance, current spikes can be creat- 
ed, causing overshoots and undershoots at the DRAM in- 
puts that can change the contents of the DRAMs or even 
destroy them. To reduce these spikes, a damping resistor 
(low inductance, carbon) should be inserted between the 
DP8419 outputs and the DRAMs, as close as possible to 
the DP8419. The damping resistor values may differ de- 
pending on how heavily an output is loaded. These resistors 
should be determined by the first prototypes (not wire- 
wrapped due to the larger distributed capacitance and in- 
ductance). Resistors should be chosen such that the tran- 
sition on the contro! outputs is critically damped. Typical 
values will be from 152 to 1002, with the lower values be- 
ing used with the larger memory arrays. Note that AC pa- 
rameters are specified with 159 damping resistors. For 
more information see AN-305 “Precautions to Take When 
Driving Memories”. 


DP8419 DRIVING ANY 16k, 64k or 256k DRAMs 


The DP8419 can drive any 16k, 64k or 256k DRAMs. All 16k 
DRAMs use basically the same configuration, including the 
5V-only version. Hence, in most applications, different man- 
ufacturers’ DRAMs are interchangeable (for the same sup- 
ply-rail chips), and the DP8419 can drive them all (see Fig- 
ure 1a). 


There are three basic configurations for the 5V-only 64k 
DRAMs: a 128-row by 512-column array with an on-RAM 
refresh counter, a 128-row by 512-column array with no on- 
RAM refresh counter, and a 256-row by 256-column array 
with no on-RAM refresh counter. The DP8419 can drive all 
three configurations, and allows them all to be interchange- 
able (as shown in Figures 7b and 1c), providing maximum 
flexibility in the choice of DRAMs. Since the 9-bit on-chip 
refresh counter can be used as a 7-bit refresh counter for 
the 128-row configuration, or as an 8-bit refresh counter for 
the 256-row configuration, the on-RAM refresh counter, if 
present, is never used. 


256k DRAMs require all 18 of the DP8419’s address inputs 
to select one memory location within the DRAM. RAS-only 
refreshing with the nine-bit refresh-counter on the DP8419 
makes CAS before RAS refreshing, available on 256k 
DRAMs, unnecessary. 


READ, WRITE AND READ-MODIFY-WRITE CYCLES 


The output signal, WE, determines what type of memory 
access cycle the memory will perform. If WE is kept high 
while CAS goes low, a read cycle occurs. If WE goes low 
before CAS goes low, a write cycle occurs and data at DI 
(DRAM input data) is written into the DRAM as CAS goes 
low. If WE goes low later than tewp after CAS goes low, first 
a read occurs and DO (DRAM output data) becomes valid, 


then data DI is written into the same address in the DRAM ~ 


as WE goes low. In this read-modify-write case, Di and DO 
cannot be linked together. WE always follows WIN directly 
to determine the type of access to be performed. 


POWER-UP INITIALIZE 


When Vcc is first applied to the DP8419, an initialize pulse 
clears the refresh counter and the internal control flip-flops. 





Mode Features Summary 

m™ 4 modes of operation: 2 access and 2 refresh 
Automatic or external control selected by the user 
Auto access mode provides RAS, row to column 
change, and then CAS automatically 
Choice between two different values of taaH in auto-ac- 
cess mode 
CAS controlled independently in external contro! mode, 
allowing for nibble mode accessing 
Automatic refreshing can make refreshes transparent to 
the system 

m CAS is inhibited during refresh cycles 


DP8419 Mode Descriptions 


MODE 0-EXTERNALLY CONTROLLED REFRESH 


Figure 2 shows the Externally Controlled Refresh timing. In 
this mode the refresh counter contents are multiplexed to 
the address outputs. All RAS outputs are enabled to follow 
RASIN so that the row address indicated by the refresh 
counter is refreshed in all! DRAM banks when RASIN goes 
low. The refresh counter increments when RASIN goes 
high. RFSH should be held low at least until RASIN goes 
high (they may go high simultaneously) so that the refresh 
address remains valid and all RAS outputs remain enabled 
throughout the refresh. 
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A burst refresh may be performed by holding RFSH low and 
toggling RASIN until all rows are refreshed. It may be useful 
in this case to reset the refresh counter just prior to begin- 
ning the refresh. The refresh counter resets to all zeroes 
when RFI/O is pulled low by an external gate. The refresh 
counter always counts to 511 before rolling over to zero. If 
there are 128 or 256 rows being refreshed then Q7 or Q8, 
respectively, going high may be used as an end-of-burst 
indicator. 

In order that the refresh address is valid on the address 
outputs prior to the RAS lines going low, RFSH must go low 
before RASIN. The setup time required is given by taeLRt in 
the Switching Characteristics. This parameter may be ad- 
justed using Figure 70 for loading conditions other than 
those specified. 


TABLE Ill. DP8419 Mode Select Options 


[Mode | (RFSH)M2|Mo| Mode of Operation 


Externally Controlled Refresh 
Auto Refresh—Forced 
Externally Controlled Access 
Auto Access (Hidden Refresh) 
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DP8419 Mode Descriptions (Continued) 


DP8419 Interface Between System & DRAM Banks 
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FIGURE ta. DP8419 with any 16k DRAMS 
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FIGURE 1b. DP8419 with 128 Row x 512 Column 64k DRAM 


TL/F/8396-6 


COLUMN DECODE 


ADDRESS 
DRIVERS 
BUS +5V 64K 


DYNAMIC 

RAMS 

. REFRESH 
COUNTER 


MIOOOmMse sown 


DP8419 
8 Bits of Refresh Counter Used 
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DP8419 Mode Descriptions (Continued) 
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FIGURE 2a. External Control Refresh Cycle (Mode 0) 
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FIGURE 2b. Burst Refresh Mode 0 
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DP8419 Mode Descriptions (Continued) 


MODE 1-AUTOMATIC FORCED REFRESH 


In Mode 1 the R/C (RFCK) pin becomes RFCK (refresh 
cycle clock) and the CASIN (RGCK) pin becomes RGCK 
(RAS generator clock). If RFCK is high and Mode 1 is en- 
tered then the chip operates as if in MODE 0 (externally 
controlled refresh), with all RAS outputs following RASIN. 
This feature of Mode 1 may be useful for those who want to 
use Mode 5 (automatic access) with externally controlled 
refresh. By holding RFCK permanently high one need only 
toggle M2 (RFSH) to switch from Mode 5 to external re- 
fresh. As with Mode 0, RFI/O may be pulled low by an ex- 
ternal gate to reset the refresh counter. 


When using Mode 1 as automatic refresh, RFCK must be an 
input clock signal. One refresh should occur each period of 
RFCK. If no refresh is performed while RFCK is high, then 
when RFCK goes low RFI/O immediately goes low to indi- 
cate that a refresh is requested. (RFI/O may still be used to 
reset the refresh counter even though it is also used as a 
refresh request pin, however, an open-collector gate should 


be used to reset the counter in this case since RFI/O is 
forced low internally for a request). 


After receiving the refresh request the system must allow a 
forced refresh to take place while RFCK is low. External 
logic can monitor RFRQ (RFI/O) so that when RFRQ goes 
low this logic will wait for the access currently in progress to 
be completed before pulling M2 (RFSH) low to put the 
DP8419 in mode 1. If no access is taking place when RFRQ 
occurs, then M2 may immediately go low. Once M2 is low, 
the refresh counter contents appear at the address outputs 
and RAS is generated to perform the refresh. 


An external clock on RGCK is required to derive the refresh 
RAS signals. On the second falling edge of RGCK after M2 
is low, all RAS lines go low. They remain low until two more 
falling edges of RGCK. Thus RAS remains high for one to 
two periods of RGCK after M2 goes low, and stays low for 
two periods. In order to obtain the minimum delay from M2 
going low to RAS going low, M2 should go low trrsrG be- 
fore the falling edge of RGCK. 
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FIGURE 3. DP8419 Performing a Forced Refresh (Mode 5 —> 1 — 5) with Various Microprocessors 
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DP8419 Mode Descriptions (continued) 


The Refresh Request on RFI/O is terminated as RAS goes 
low. This signal may be used to end the refresh earlier than 
it normally would as described above. If M2 is pulled high 
while the RAS lines are low, then the RASs go high taray 
later. The designer must be careful, however, not to violate 
the minimum RAS low time of the DRAMs. He must also 
guarantee that the minimum RAS precharge time is not vio- 
lated during a transition from mode 1 to mode 5 when an 
access is desired immediately following a refresh. 


If the processor tries to access memory while the DP8419 is 
in mode 1, WAIT states should be inserted into the proces- 
sor cycles until the DP8419 is back in mode 5 and the de- 
sired access has been accomplished (see Figure 9). 
Instead of using WAIT states to delay accesses when re- 
freshing, HOLD states could be used as follows. RFRQ 
could be connected to a HOLD or Bus Request input to the 
system. When convenient, the system acknowledges the 
HOLD or Bus Request by pulling M2 low. Using this 
scheme, HOLD will end as the RAS lines go low (RFI/O 
goes high). Thus, there must be sufficient delay from the 
time HOLD goes high to the DP8419 returning to mode 5, so 
that the RAS low time of the DRAMs isn’t violated as de- 
scribed earlier (see Figure 3 for mode 1 refresh with Hold 
states). 

To perform a forced refresh the system will be inactive for 
about four periods of RGCK. For a frequency of 10 MHz, 


“Resistors required depends on 
DRAM load. 


DRAMs Maybe 16k, 64k or 256k 

For 4 Banks, can drive 16 data bits 
+6 Check Bits for ECC. 

For 2 Banks, can drive 32 data bits 
+7 Check Bits for ECC. 

For 1 Bank, can drive 64 data bits 
+8 Check Bits for ECC. 


INPUT CAS 


DP8419 


a ee 2s 
WHOL 
S44 


this is 400 ns. To refresh 128 rows every 2 ms an average of 
about one refresh per 16 ps is required. With a RFCK period 
of 16 ps and RGCK period of 100 ns, DRAM accesses are 
delayed due to refresh only 2.5% of the time. If using the 
Hidden Refresh available in mode 5 (refreshing with RFCK 
high) this percentage will be even lower. 


MODE 4 - EXTERNALLY CONTROLLED ACCESS 


In this mode all control signal outputs can be controlled 
directly by the corresponding contro! input. The enabled 
RAS output follows RASIN, CAS follows CASIN (with R/C 
low), WE follows WIN and R/C determines whether the row 
or the column inputs are enabled to the address outputs 
(see Figure 4). 

With R/T high, the row address latch contents are enabled 
onto the address bus. RAS going low strobes the row ad- 
dress into the DRAMs. After waiting to allow for sufficient 
row-address hold time (tray) after RAS goes low, R/C can 
go low to enable the column address latch contents onto 
the address bus. When the column address is valid, CAS 
going low will strobe it into the DRAMs. WIN determines 
whether the cycle is a read, write or read-modify-write ac- 
cess. Refer to Figures 5a and 5b for typical Read and Write 
timing using mode 4. 
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FIGURE 4. Typical Application of DP8419 Using External Control Access and Refresh in Modes 0 and 4 
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FIGURE 5a. Read Cycle Timing (Mode 4) 
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FIGURE 5b. Write Cycle Timing (Mode 4) 
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DP8419 Mode Descriptions (Continued) 


Page or Nibble mode may be performed by toggling CASIN 
once the initial access has been completed. In the case of 
page mode the column address must be changed before 
CASIN goes low to access a new memory location (see 
Figure 5c). Parameter tcpgif has been specified in order that 
users may easily determine minimum CAS pulse widths 
when CASIN is toggling. 


AUTOMATIC CAS GENERATION 


CAS is held high when R/C is high even if CASIN is low. If 
CASIN is low when R/C goes low, CAS goes low automati- 
cally, tasc after the column address is valid. This feature 
eliminates the need for an externally derived CASIN signal 
to control CAS when performing a simple access (Figure 5a 
demonstrates Auto-CAS generation in mode 4). Page or nib- 
ble accessing may be performed as shown in Figure 5c 
even if CAS is generated automatically for the initial access. 


FASTEST MEMORY ACCESS 
The fastest mode 4 access is achieved by using the auto- 
matic CAS feature and external delay line to generate the 
required delay between RASIN and R/C. The amount of 
delay required depends on the minimum tray of the DRAMs 
being used. The DP8419 parameter tpir1 has been speci- 
fied in order that the delay between RASIN and R/C may be 
minimized. 
toi-1 = MAXIMUM (trppt - tRHa) 
where tappt = RASIN to RAS delay 

and tua = row address held from R/C going low. 
The delay between RASIN and R/C that guarantees the 
specified DRAM tran is given by 

MINIMUM RASIN to R/C = tpiey + tran. 
Example 
In an application using DRAMs that require a minimum tray 
of 15 ns, the following demonstrates how the maximum 
RASIN to CAS time is determined. 


® 


\ | COLA COLB COLC 
rtf 


| 


With tpiF1 (from Switching Characteristics) = 7 ns, 
RASIN to R/C delay = 7ns + 15:ns = 22ns. 
A delay line of 25 ns will be sufficient. 


With Auto-CAS generation, the maximum delay from R/C to 
CAS (loaded with 600 pF) is 46 ns. Thus the maximum 
RASIN to CAS time is 71 ns, under the given conditions. 


With a maximum RASIN to RAS time (tapp,) of 20 ns, the 
maximum RAS to CAS time is about 51 ns. Most DRAMs 
with a 15 ns minimum tray have a maximum tracp of about 
60 ns. Thus, memory accesses are likely to be RAS limited 
instead of CAS limited. In other words, memory access time 
is limited by DRAM performance, not controller perform- 
ance. 


REFRESHING IN CONJUNCTION WITH MODE 4 


If using mode 4 to access memory, mode 0 (externally con- 
trolled refresh) must be used for all refreshing. 


MODE 5 —- AUTOMATIC ACCESS WITH HIDDEN RE- 
FRESHING CAPABILITY 

Automatic-Access has two advantages over the externally 
controlled access (mode 4). First, RAS, CAS and the row to 
column change are all derived internally from one input sig- 
nal, RASIN. Thus the need for an external delay line (see 
mode 4) is eliminated. 

Secondly, since R/C and CASIN are not needed to gener- 
ate the row to column change and CAS, these pins can be 
used for the automatic refreshing function. 


AUTOMATIC ACCESS CONTROL 


Mode 5 of the DP8419 makes accessing Dynamic RAM 
nearly as easy as accessing static RAM. Once row and col- 
umn addresses are valid (latched on the DP8419 if neces- 
sary), RASIN going low is all that is required to perform the 
memory access. 


TL/F/8396-15 





FIGURE 5c. Page or Nibble Access in Mode 4 
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DP8419 Mode Descriptions (Continued) 
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FIGURE 6. Mode 5 Timing 


(Refer to Figure 6) In mode 5 the selected RAS follows 
RASIN immediately, as in mode 4, to strobe the row address 
into the DRAMs. The row address remains valid on the 
DP8419 address outputs long enough to meet the trap re- 
quirement of the DRAMs (pin 4, RAHS, of the DP8419 al- 
lows the user two choices of tran). Next, the column ad- 
dress replaces the row address on the address outputs and 
CAS goes low to strobe the columns into the DRAMs. WIN 
determines whether a read, write or read-modify-write is 
done. 


The diagram below illustrates mode 5 automatic control sig- 
nal generation. 
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REFRESHING IN CONJUNCTION WITH MODE 5 
When using mode 5 to perform memory accesses, refresh- 
ing may be accomplished: 

(a) externally (in mode O or mode 1) 
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(b) by acombination of mode 5 (hidden refresh) and 
mode 1 (auto-refresh) 
or (c) by acombination of mode 5 and mode 0 


(a) Externally Controlled Refreshing in Mode 0 or Mode 1 


All refreshing may be accomplished using external refresh- 
es in either mode 0 or mode 1 with R/C (RFCK) tied high 
(see mode 0 and mode 1 descriptions). If this is desired, the 
system determines when a refresh will be performed, puts 
the DP8419 in the appropriate mode, and controls the RAS 
signals directly with RASIN. The on-chip refresh counter is 
enabled to the address outputs of the DP8419 when the 
refresh mode is entered, and increments when RASIN goes 
high at the completion of the refresh. 


(b) Mode 5 Refreshing (hidden) with Mode 1 refreshing 
(auto) 


(Refer to Figure 7a) |f RFCK is tied to a clock (see mode 1 
description), RFI/O becomes a refresh request output and 
goes low following RFCK going low if no refresh occurred 
while RFCK was high. Refreshes may be performed in 
mode 5 when the DP8419 is not selected for access (CS is 


high) and RFCK is high. If these conditions exist the refresh 
counter contents appear on the DP8419 address outputs 
and all RAS lines follow RASIN so that if RASIN goes low 
(an access other than through the DP8419 occurs), all RAS 
lines go low to perform the refresh. The DP8419 allows only 
one refresh of this type for each period of RFCK, since 
RFCK should be fast enough such that one refresh per peri- 
od is sufficient to meet the DRAM refresh requirement. 





DP8419 Mode Descriptions (Continued) 


Once it is started, a hidden refresh will continue even if 
RFCK goes low. However, CS must be high throughout the 
refresh (until RASIN goes high). 


These hidden refreshes are valuable in that they do not 
delay accesses. When determining the duty cycle of RFCK, 
the high time should be maximized in order to maximize the 
probability of hidden refreshes. If a hidden refresh doesn’t 
happen, then a refresh request will occur on RFI/O when 
RFCK goes low. After receiving the request, the system 
must perform a refresh while RFCK is low. This may be 
done by going to mode 1 and allowing an automatic refresh 
(see mode 1 description). This refresh must be completed 
while RFCK is low, thus the RFCK low time is determined by 
the worst-case time required by the system to respond to a 
refresh request. 


(c) Mode 5 Refresh (Hidden Refresh) with mode 0 Refresh 
(External Refresh) 


This refresh scheme is identical to that in (b) except that 
after receiving a refresh request, mode 0 is entered to do 
the refresh (see mode 0 description). The refresh request is 
terminated (RFI/O goes high) as soon as mode 0 is en- 
tered. This method requires more control than using mode 1 
(auto-refresh), however, it may be desirable if the mode 1 
refresh time is considered to be excessive. 


Example 


Figure 7b demonstrates how a system designer would use 
the DP8419 in mode 5 based on certain characteristics of 
his system. 


System Characteristics: 
1) DRAM used has min tray requirement of 15 ns and 
min tasp of Ons 
2) DRAM address is valid from time Ty to the end of the 
memory cycle 
3) four banks of twenty-two 256K memory chips each are 
being driven 
Using the DP8419 (see Figure 7b): 
1) Tie pin 4 (RAHS) high to guarantee a 15 ns minimum 
tran which is sufficient for the DRAMs being used 
2) Generate RASIN no earlier than time Ty + tasrc (see 
switching characteristics), so that the row address is 
valid on the DRAM address inputs before RAS occurs 
3) Tie ADS high since latching the DRAM address on the 
DP8419 is not necessary 
4) Connect the first 18 system address bits to RO-R8 and 
CO-C8, and bits 19 and 20 to BO and B1 
5) Connect each RAS output of the DP8419 to the RAS 
inputs of the DRAMs of one bank of the memory array; 
connect Q0-Q8 of the DP8419 to A0-A8 of all DRAMs; 
connect CAS of the DP8419 to CAS of all the DRAMs 
Figure 7c illustrates a similar example using the DP8418 to 
drive two 32-bit banks. 
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DP8419 Mode Descriptions (Continued) 
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Applications 


If one desires a memory interface containing the DP8419 
that minimizes the number of external components required, 
modes 5 and 1 should be used. These two modes provide: 


1) Automatic access to memory (in mode 5 only one signal, 
RASIN, is required in order to access memory) 


2) Hidden refresh capability (refreshes are performed auto- 
matically while in mode 5 when non-local accesses are 
taking place, as determined by CS) 


3) Refresh request capability (if no hidden refresh took 
place while RFCK was high, a refresh request is generat- 
ed at the RFI/O pin when RFCK goes high) 


4) Automatic forced refresh (If a refresh request is generat- 
ed while in mode 5, as described above, external logic 
should switch the DP8419 into mode 1 to do an automat- 
ic forced refresh. No other external control signals need 
be issued. WAIT states can be inserted into the proces- 
sor machine cycles if the system tries to access memory 
while the DP8419 is in mode 1 doing a forced refresh). 


Some items to be considered when integrating the DP8419 
into a system design are: 


1) The system designer should ensure that a DRAM access 
not be in progress when a refresh mode is entered. Simi- 
larly, one should not attempt to start an access while a 
refresh is in progress. The parameter tarurL specifies 
the minimum time from RFSH high to RASIN going low to 
initiate an access. 


2) One should always guarantee that the DP8419 is enabled 
for access prior to initiating the access (see tcsr”Li). 


3) One should bring RASIN low even during non-local ac- 
cess cycles when in mode 5 in order to maximize the 


chance of a hidden refresh occurring. 


4) At lower frequencies (under 10 Mhz), it becomes increas- 
ingly important to differentiate between READ and 
WRITE cycles. RASIN generation during READ cycles 
can take place as soon as one knows that a processor 
READ access cycle has started. WRITE cycles, on the 
other hand, cannot start until one knows that the data to 
be written at the DRAM inputs will be valid a setup time 
before CAS (column address strobe) goes true at the 
DRAM inputs. Therefore, in general, READ cycles can be 
initiated earlier than WRITE cycles. 


5) Many times it is possible to only add WAIT states during 
READ cycles and have no WAIT states during WRITE 
cycles. This is because it generally takes less time to 
write data into memory than to read data from memory. 

The DP84XX2 family of inexpensive preprogrammed medi- 

um Programmable Array Logic devices (PALs) have been 

developed to provide an easy interface between various 


1-61 


microprocessors and the DP84XX family of DRAM control- 
ler/drivers. These PALs interface to all the necessary con- 
trol signals of the particular processor and the DP8419. The 
PAL controls the operation of the DP8419 in modes 5 and 1, 
while meeting all the critical timing considerations discussed 
above. The refresh clock, RFCK, may be divided down from 
the processor clock using an IC counter such as the 
DM74LS393 or the DP84300 programmable refresh timer. 
The DP84300 can provide RFCK periods ranging from 
15.4 ps to 15.6 ws based on an input clock of 2 to 10 MHz. 
Figure 8 shows a general block diagram for a system using 
the DP8419 in modes 1 and 5. Figure 9 shows possible 
timing diagrams for such a system (using WAIT to prohibit 
access when refreshing). Although the DP84XX2 PALs are 
offered as standard peripheral devices for the DP84XX 
DRAM controller/drivers, the programming equations for 
these devices are provided so the user may make minor 
modification, for unique system requirements. 


ADVANTAGES OF DP8419 OVER 
A DISCRETE DYNAMIC RAM CONTROLLER 


1) The DP8419 system solution takes up much less board 
space because everything is on one chip (latches, re- 
fresh counter, control logic, multiplexers, drivers, and in- 
ternal delay lines). 


2) Less effort is needed to design a memory system. The 
DP8419 has automatic modes (1 and 5) which require a 
minimum of external control logic. Also programmable ar- 
ray logic devices (PALs) have been designed which allow 
an easy interface to most popular microprocessors (Mo- 
torola 68000 family, National Semiconductor 32032 fami- 
ly, Intel 8086 family, and the Zilog Z8000 family). 


3) Less skew in memory timing parameters because all crit- 
ical components are on one chip (many discrete drivers 
specify a minimum on-chip skew under worst-case condi- 
tions, but this cannot be used if more then one driver is 
needed, such as would be the case in driving a large 
dynamic RAM array). 


4) Our switching characteristics give the designer the critical 
timing specifications based on TTL output levels (low = 
0.8V, high = 2.4V) at a specified load capacitance. All 
timing parameters are specified on the DP8419: 


A) driving 88 DRAM’s over a temperature range of 0-70 
degrees centigrade (no extra drivers are needed). 


B) under worst-case driving conditions with all outputs 
switching simultaneously (most discrete drivers on the 
market specify worst-case conditions with only one 
output switching at a time; this is not a true worst-case 
condition!). 
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Applications (Continued) 
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Switching Characteristics 


All AC parameters are specified with the equivalent load 
capacitances, including traces, of 88 DRAMs organized as 4 
banks of 22 DRAMs each. Maximums are based on worst- 
case conditions including all outputs switching simulta- 
neously. This, in many cases, results in the AC values 
shown in the DP84XX DRAM controller data sheet being 
much looser than true worst case (maximum) AC delays. 
The system designer should estimate the DP8419 load in 
his/her application, and modify the appropriate AC parame- 
ters using the graph in Figure 10. Two example calculations 
are provided below. 


— 15.0 
~500 -300 -100 0+100 +300 +500 
Cor 
TL/F/8396-22 
FIGURE 10. Change in Propagation Delay 
Relative to “True” (Application) Load Minus 
AC Specified Data Sheet Load 


2 Examples 


#1) A mode 4 user driving 2 16-bit banks of DRAM has the 
following approximate “true” loading conditions: 


CAS = - 300 pF 

Q0-Q8 - 250 pF 

RAS ~ - 150 pF 

max tapp_ = 20 ns — Ons = 20 ns (since RAS load- 
ing is the same as that which is spec’ed) 

max tcppL = 32 ns — 7 ns = 25ns 

max tccas = 46 ns — 7 ns = 39ns 

max tacc = 41 ns — 6ns = 35ns 


min tRHa is not significantly effected since it does not 
involve an output transition 


Other parameters are adjusted in a similar manner. 


#2) A mode 5 user driving one 16-bit bank of DRAM has 
the following approximate ‘‘true” loading conditions: 


CAS - 120 pF 
Q0-Q8 - 100 pF 
RAS - 120 pF 
A. C. parameters should be adjusted as follows: 
with RAHS = “1”, 
max tricL = 70 ns — 11 ns = 59ns 
max trcpL = 55ns + 1 ns — 11 ns = 45ns 


(the + 1 ns is due to lighter RAS toading; the — 11 ns 
is due to lighter CAS loading) 


min taaH = 15 ns + 1 ns = 16ns 
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The additional 1 ns is due to the fact that the RAS line 
is driving less (switching faster) than the load to which 
the 15 ns spec applies. The row address will remain 
valid for about the same time irregardless of address 
loading since it is considered to be not valid at the 
beginning of its transition. 


SI 


OUTPUT 
UNDER 
TEST 


TEST POINT 


TL/F/8396-23 
FIGURE 11a. Output Load Circuit 


TL/F/8396-34 
FIGURE 11b. DP8417 TRI-STATE Waveforms 


Absolute Maximum Ratings (note 1) 


Specifications for Military/Aerospace products are not 
contained In this datasheet. Refer to the associated 
reliability electrical test specifications document. 


Supply voltage, Voc 

Storage Temperature Range 

Input Voltage 

Output Current 

Lead Temp. (Soldering, 10 seconds) 


7.0V 

—65°C to + 150°C 
5.5V 

150 mA 

300°C 


Operating Conditions 

Min 
Vcc Supply Voltage 4.50 
Ta Ambient 


Temperature 0 
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Electrical Characteristics Voc = 5.0V 410%, 0°C < Ta < 70°C unless otherwise noted (Note 2) 


input High Curentforalinputs | Vw=esv [| [20 | 100 _| 
[Output Load GurentforRFV/O | Viw= 05v, Ouiputhign |_| -o7 | -18 | 
[Input Low Curentforalliputs"* | Vw=osv ‘| +002 | 025 | 
ADS, F/C,CS.Ma,RASIN | Vw=osv——~+d| +005 | 08 _| 
TinputLowTiestold SP SCSC~“~“‘iSC“‘“!S~C*déC‘O CCS 
“inputhighTweshold@ ————S*dtSCSC*~“‘“*S*‘“‘~‘~irCSSSCdCCd 


*Except RFI/O 
**Except RFI/O, ADS, R/C, CS, M2, RASIN 


Switching Characteristics: DP8417, DP8418, DP8419, DP8419X 


Voc = 5.0V +10%, 0°C < Ta < 70°C unless otherwise noted (Notes 2, 4, 5), the output load capacitance is typical for 4 
banks of 22 DRAMs each or 88 DRAMs, including trace capacitance. 

* These values are QO-Q8, Ci = 500 pF; RASO-RAS3, C, = 150 pF; WE, C, = 500 pF; CAS, C, = 600 pF; RL = 5000 
unless otherwise noted. See Figure 71a for test load. S1 is open unless otherwise noted. Maximum propagation delays 
are specified with all outputs switching. 


** Preliminary 


* * = 
owe ietduias See tin 


ACCESS 

tRICLO RASIN to CAS Low Delay Figure 6 
(RAHS = 0) DP8417, 18, 19-80 

tRICLO RASIN to CAS Low Delay Figure 6 
(RAHS = 0) DP8417, 18, 19-70 

tRICL1 RASIN to CAS Low Delay Figure 6 48 
(RAHS = 1) DP8417, 18, 19-80 


tRICL1 RASIN to CAS Low Delay Figure 6 
(RAHS = 1) DP8417, 18, 19-70 


taicn | _RASIN 10 GAS High Delay eeemaliael Seay 
tRCDLO RAS to CAS Low Delay Figure 6 
(RAHS = 0) DP8417, 18, 19-80 
tRCDLO RAS to CAS Low Delay Figure 6 43 72 
(RAHS = 0) DP8417, 18, 19-70 
tRcDLt RAS to CAS Low Delay Figure 6 “94 63 
(RAHS = 1) DP8417, 18, 19-80 
tRcpL1 RAS to CAS Low Delay Figure 6 
(RAHS = 1) DP8417, 18, 19-70 
tacoH RAS to CAS High Delay 
tRAHo Row Address Hold Time Figure 6 
(RAHS = 0, Mode 5) 
tRAHi Row Address Hold Time Figure 6 15 15 
(RAHS = 1, Mode 5) 
tasc Column Address Set-up Time Figure 6 
(Mode 5) 
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Switching Characteristics: DP8417, DP8418, DP8419, DP8419X (Continued) 


Voc = 5.0V +10%, 0°C < Ta < 70°C unless otherwise noted (Notes 2, 4, 5). The output load capacitance is typical for 4 banks 
of 22 DRAMs each or 88 DRAMs, including trace capacitance. 

* These values are Q0-Q8, C_ = 500 pF; RASO-RAS3, C_ = 150 pF; WE, C_ = 500 pF; CAS, C, = 600 pF; RL = 5009 
unless otherwise noted. See Figure 71a for test load. S1 is open unless otherwise specified. Maximum propagation 
delays are specified with all outputs switching. 


** Preliminary 


eh = 
ames bate 


ACCESS (Continued) 
trovo RASIN to Column Address Figure 6 94 
Valid (RAHS = 0, Mode 5) DP8417, 18, 19-80 
tRovo RASIN to Column Address Figure 6 
Valid (RAHS = 0, Mode §) DP8417, 18, 19-70 
tRov1 RASIN to Column Address Figure 6 76 
Valid (RAHS = 1, Mode 5) DP8417, 18, 19-80 
trovi1 RASIN to Column Address Figure 6 
Valid (RAHS = 1, Mode §) DP8417, 18, 19-70 
tRPDL RASIN to RAS Low Delay Figures5a,5b,6 | | 21 | | 18 | 


Se La 
taSRL Address Set-up to RASIN low Figures 5a, 5b, 6 eS ae 


tapp Address Input to Output Figures Sa, 5b, 6 
Delay 
tspp Address Strobe High to Figures 5a, 5b 
Address Output Valid 
taSA Address Set-up Time to ADS Figures 5a, 5b, 6 | 5 | | 
taHA Address Hold Time from ADS Figures Sa, 5b, 6 =f. —_- 


taps Address Strobe Pulse Width Figures Sa, 5b, 6 —————e 
twep WIN to WE Output Delay Figure 5b —=+——_ 


toppL CASIN to CAS Low Delay Figure 5b 
(R/C low, Mode 4) 
tcpDH CASIN to CAS High Delay Figure 5b 16 
(R/C low, Mode 4) 
tpi tcpDL - tcPDH See Mode 4 14 
Description 
taco Column Select to Column Figure 5a At 
Address Valid 
tAcR Row Select to Row Figures 5a, 5b 
Address Valid ' 
tRHA Row Address Held from Figure 5a 7 
Column Select 
tccas R/C Low to CAS Low Delay Figure 5a 
(CASIN Low, Mode 4) DP8417, 18, 19-80 
t R/C Low to CAS Low Delay Figure Sa 
(CASIN Low, Mode 4) DP8417, 18, 19-70 
tDIF1 Maximum (tappt - tRHa) See Mode 4 
as 


toiF2 Maximum | Maximum (tacc-tcpp.) | tcppL) 
REFRESH 


X6L82€/X6178/61L82E/61 18/8 82E/8l78/ZL8cESN/ZLP8dd 


Refresh Cycle Period 


tRASINL,H Pulse Width of RASIN Figure 2a 
during Refresh 

tREPDLO RASIN to RAS Low Delay Figure 2a 
during Refresh (Mode 0) 
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DP8417/NS32817/8418/32818/8419/32819/8419X/32819X 


Switching Characteristics: DP8417, DP8418, DP8419, DP8419X (continued) 


Voc = 5.0V +10%, 0°C < Ta < 70°C unless otherwise noted (Notes 2, 4, 5). The output load capacitance is typical for 4 banks 
of 22 DRAMs each or 88 DRAMs, including trace capacitance. 

* These values are Q0-Q8, C, = 500 pF; RASO-RAS3, C_ = 150 pF; WE, C_ = 500 pF; CAS, CL = 600 pF; RL = 5000 
unless otherwise noted. See Figure 11a for test load. $1 is open unless otherwise specified. Maximum propagation 
delays are specified with ali outputs switching. 


REFRESH (Continued) 
tREPDLS RASIN to RAS Low Delay Figure 7 
during Hidden Refresh 
tREPDHO RASIN to RAS High Delay Figure 2a 
during Refresh (Mode 0) 
tREPDHS RASIN to RAS High Delay Figure 7 44 
during Hidden Refresh 
tRFLCT RFSH Low to Counter Figures 2a, 3 
Address Valid CS =X 
tRFLRL RFSH Low Set-up to RASIN Figure 2a 
Low (Mode 0), to get 12 
Minimum tasr = 0 
taFHAL RFSH High Setup to Access Figure 3 
RASIN Low 
tREHAV RFSH High to Row Figure 3 43 
Address Valid 
Wir 


tast Counter Reset Pulse Width 


toTL RF1/O Low to Counter Figure 2a 
Outputs All Low 

tRFCKL,H Minimum Pulse Width Figure 7 
of RFCK 

T Period of RAS Generator Figure 3 
Clock 

tRGCKL Minimum Pulse Width Low Figure 3 15 
of RGCK 

tRGCKH Minimum Pulse Width High Figure 3 15 
of RGCK 


RFCK Low to Forced RFRQ Figure 3 
(RFt/O) Low 


RGCK Low to Forced RFRQ Figure 3 
High C_ = 50 pF 


RGCKLowtoRASLow | Fives | ar | 41 | | 
RGCKLowtoRASHigh | Figues | aa | 4s | | 





1-66 


Switching Characteristics: DP8417, DP8418, DP8419, DP8419X (continue) 

Vec = 5.0V +10%, 0°C < Ta < 70°C unless otherwise noted (Notes 2, 4, 5). The output load capacitance is typical for 4 banks 
of 22 DRAMs each or 88 DRAMs, including trace capacitance. 

* These values are QO-Q8, C, = 500 pF; RASO-RAS3, Cy, = 150 pF; WE, C, = 500 pF; CAS, C, = 600 pF; RL = 5000 
unless otherwise noted. See Figure 17a for test load. S1 is open unless otherwise specified. Maximum propagation 
delays are specified with all outputs switching. 


REFRESH (Continued) 


FSH Hold Time trom RGOK pe 

RFSH High to RAS High (See Mode 1 

(Ending Forced Refresh Description) 

early) 

RFSH Low Set-up to (See Mode 1 

RGCK Low (Mode 1) Description) 
Figure 3 

CS High to RASIN Low for Figure 7 

Hidden Refresh 

RFCK High to RASIN 

low for hidden Refresh 

DP8419, DP8419X ONLY 


CS Low to Access RASIN 
Low (Using Mode 5 with 
Auto Refresh Mode) 


CS Low to Access RASIN 
Low (Using Modes 4 or 5 

with externally controlled 

Refresh) 


DP8418 ONLY 


tCSRL1 CS Low to Access RASIN 
Low (Using Mode 5 with 
Auto Refresh Mode) 


tRQHRE 


tRFSRG 


Figure 3 
34 


(See Mode 5 
Description) 


tCSRLO 


CS Low to Access RASIN 
Low (Using Modes 4 or 5 
with externally controlled 
Refresh) 


Description) 


—_ et [of 


DP8417 ONLY — PRELIMINARY 


CS Low to Access RASIN 
Low (Using Mode 5 with 
Auto Refresh Mode) 


CS Low to Access RASIN 


tCSRL1 


— | fof 
TRI-STATE 


Description) 
CS Low to Output S1 Open 
High from Hi-Z Figure 11G 
CS High to Output S1 Open 
Hi-Z from High Figure 11G 
CS Low to Output S1 Closed 
Low from Hi-Z Figure 11G 
CS High to Output S1 Closed 50 
Hi-Z from Low Figure 11G 


tCSRLO 


Low (Using Modes 4 or 5 
with externally controlled 
Refresh) 
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DP8417/NS32817/84 18/328 18/8419/32819/8419X/32819X 


Input Capacitance 1, = 25°C (Note 2) 


| Parameter | Conatition | win | typ | Max _ 
ram | | Tc | 
| InputCapacitance aotherinputs | || | 


Note 1: “Absolute Maximum Ratings” are the values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of Electrical Characteristics” provides conditions for actual device operation. 


Note 2: All typical values are for Ta=25°C and Voc =5.0V. 

Note 3: This test is provided as a monitor of Driver output source and sink current capability. Caution should be exercised in testing this parameter. In testing these 
parameters, a 152 resistor should be placed in series with each output under test. One output should be tested at a time and test time should not exceed 1 second. 
Note 4: Input pulse OV to 3.0V, ta=t-=2.5 ns, f= 2.5 MHz, tpw= 200 ns. Input reference point on AC measurements is 1.5V Output reference points are 2.4V for 
High and 0.8V for Low. 


Note 5: The load capacitance on RF I/O should not exceed 50 pF. 
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National 
Semiconductor 
Corporation 


DP8428/NS32828, DP8429/NS32829 
1 Megabit High Speed Dynamic RAM Controller/Drivers 


General Description 


The DP8428 and DP8429 1M DRAM Controller/Drivers are 
designed to provide ‘No-Waitstate” CPU interface to Dy- 
namic RAM arrays of up to 8 Mbytes and larger. The 
DP8428 and DP8429 are tailored for 32-bit and 16-bit sys- 
tem requirements, respectively. Both devices are fabricated 
using National’s new oxide isolated Advanced Low power 
Schottky (ALS) process and use design techniques which 
enable them to significantly out-perform all other LS! or dis- 
crete alternatives in speed, level of integration, and power 
consumption. 

Each device integrates the following critical 1M DRAM con- 
troller functions on a single monolithic device: ultra precise 
delay line; 9 bit refresh counter; fall-through row, column, 
and bank select input latches; Row/Column address mux- 
ing logic; on-board high capacitive-load RAS, CAS, Write 
Enable and Address output drivers; and, precise control sig- 
nal timing for all the above. 


In order to specify each device for ‘‘true” worst case operat- 
ing conditions, all timing parameters are guaranteed while 
the chip is driving the capacitive load of 88 DRAMs includ- 
ing trace capacitance. The chip’s delay timing logic makes 
use of a patented new delay line technique which keeps AC 
skew to +3 ns over the full Vcc range of +10% and tem- 
perature range of —55°C to +125°C. The DP8428 and 
DP8429 guarantee a maximum RASIN to CASOUT delay of 
80 ns or 70 ns even while driving an 8 Mbyte memory array 
with error correction check bits included. Two speed select- 
ed options of these devices are shown in the switching 
characteristics section of this document. (Continued) 


System Diagram 


PROGRAMMABLE 
REFRESH TIMER 


DP84300 


1 MEGABIT 


Dee ie 
CONTROLLER/ oo 
ADDRESS BUS DRIVERS CAS (600 pF DRIVER) 
| | n MEMORY DATA BUS | 


INTERRUPT 


WAIT/DTACK TRANS= 
CEIVER: 
READ/WRITE 


ENABLE 


DP84XX2 
CPU SPECIFIC 
REFRESH/ACCESS 
ARBITRATION 


0P8428 
OR Q0=9(500 pF DRIVERS) 
DP8429 


DP8400=-2 OR DP8402A 
16 BIT OR 32 BIT 


Features 

m Makes DRAM interface and refresh tasks appear virtu- 
ally transparent to the CPU making DRAMs as easy to 
use as static RAMs 
Specifically designed to eliminate CPU wait states up to 
10 MHz or beyond 
Eliminates 20 discrete components for significant board 
real estate reduction, system power savings and the 
elimination of chip-to-chip AC skewing 
On-board ultra precise delay line 
On-board high capacitive RAS, CAS, WE and Address 
drivers (specified driving 88 DRAMs directly) 
AC specified for directly addressing up to 8 Mbytes 
Low power/high speed bipolar oxide isolated process 
Downward pin and function compatible with 256k 
DRAM Controller/Drivers DP8409A, DP8417, DP8418, 
and DP8419 


Contents 

m@ System and Device Block Diagrams 

m Recommended Companion Components 

m Device Connection Diagrams and Pin Definitions 

a Device Differences—DP8428 vs DP8429 

@ Mode of Operation 
(Descriptions and Timing Diagrams) 

m@ Application Description and Diagrams 

m DC/AC Electrical Specifications, Timing Diagrams and 
Test Conditions 


4 BANKS OF 
1 MEGABIT 
DYNAMIC RAMS 


MULTIPLEXED ADDRESS BUS 


RAS 0-3 (150 pF DRIVERS) UP TO 
8 MEGABYTES 


CORRECTION, 
CHECK BITS 


WE (500 pF DRIVER) 


CHECK BITS IN 


ERROR DETECTION 


AND CORRECTION 


CHECK BITS OUT 


TL/F/8649-1 
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DP8428/DP8429/NS32828/NS32829 


General Description (continueg) 


With its four independent RAS outputs and ten multiplexed 
address outputs, the DP8429 can support up to four banks 
of 64k, 256k or 1M DRAMs. Two bank select pins, B1 and 
BO, are decoded to activate one of the RAS signals during 
an access, leaving the three non-selected banks in the 
standby mode (less than one tenth of the operating power) 
with data outputs in TRI-STATE®. The DP8428’s one Bank 
Select pin, B1, enables 2 banks automatically during an ac- 
cess in order to provide an optimum interface for 32-bit mi- 
croprocessors. 

The DP8428 and DP8429 each have two mode-select pins, 


allowing for two refresh modes and two access modes. Re- 
fresh and access timing may be controlled either externally 


Functional Block Diagrams 


or automatically. The automatic modes require a minimum 
of input contro! signals. 


A refresh counter is on-chip and is multiplexed with the row 
and column inputs. Its contents appear at the address out- 
puts of the DP8428 or DP8429 during any refresh, and are 
incremented at the completion of the refresh. Row, Column 
and bank address latches are also on-chip. However, if the 
address inputs to the DP8428 or DP8429 are valid through- 
out the duration of the access, these latches may be operat- 
ed in the fall-through mode. 

Each device is available in either the 52 pin Ceramic DIP, or 


the low cost JEDEC standard 68 pin Plastic Chip Carrier 
(PCC) package. 


DP8429 


ROW ADDRESS 
INPUT LATCH 


COLUMN ADDR. 
INPUT LATCH 


9-BIT 
REFRESH 
COUNTER dq 


cts ———> 

RASIN ——> 

R/C (RFCK) ————> 
CASIN (RGCK) ————»> 


HIGH CAPACITIVE DRIVE 
CAPABILITY OUTPUTS 


RF I/O =M2(RFSH) 


RAHS 


m0 
TL/F/8649-2 





Functional Block Diagrams (Continued) 


DP8428 


ROW ADDRESS 
INPUT LATCH 


ADS HIGH CAPACITIVE DRIVE 
CAPABILITY OUTPUTS 
cod COLUMN ADOR. : 


INPUT LATCH 


9-BIT 
REFRESH 
COUNTER 


6Z8ZESN/8Z28ZESN/6cP8d0/8ersdd 


BANK SELECT 
INPUT LATCH ' 


R/T (RFCK) ——$—> CONTROL LOGIC 


CASIN (RGCK) —————»> 


Se 


RF I/O M2 (RFSH) =e i mo 
TL/F/8649-3 


System Companion Components ; 


| Device | Function 


DP84300 Programmable Refresh Timer for DP84xx DRAM Controller 

DP84412 NS32008/16/32 to DP8409A/17/18/19/28/29 Interface 

DP84512 NS32332 to DP8417/18/19/28/29 Interface 

DP84322 68000/08/10 to DP8409A/17/18/19/28/29 Interface (up to 8 MHz) 
DP84422 68000/08/10 to DP8409A/17/18/19/28/29 Interface (up to 12.5 MHz) 


DP84522 68020 to DP8417/18/19/28/29 Interface 
DP84432 8086/88/186/188 to DP8409A/17/18/19/28/29 Interface 


DP84532 80286 to DP8409A/17/18/19/28/29 Interface 


DP8400-2 16-Bit Expandable Error Checker/Corrector (E2C2) 
DP8402A 32-Bit Error Detector And Corrector (EDAC) 
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DP8428/DP8429/NS32828/NS32829 


Connection Diagrams 
Dual-In-Line Package Dual-In-Line Package 


DP8428 DP8429 


TL/F/8649-4 TL/F/8649-5 
Order Number DP8428D-70, DP8428D-80 or 
DP8429D-70, DP8429D-80 
See NS Package Number D52A 


Plastic Chip Carrier Package Plastic Chip Carrier Package 


OP8428 DP8429 


rs] 


olen 


nn 
Olas 


TL/F/8649-6 TL/F/8649-7 
Order Number DP8428V-70, DP8428V-80 or 
DP8429V-70, DP8429V-80 
See NS Package Number V68A 
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DP8428 vs DP8429 


The DP8428 DYNAMIC RAM CONTROLLER/DRIVER is 
identical to the DP8429 with the exception of two functional 
differences incorporated to improve performance with 32-bit 
microprocessors. 


1) Pin 28 (B1) is used to enable/disable a pair of RAS out- 
puts, and pin 29 (BO on the DP8429) is a no connect. 
When B1 is low, RASO and RAS1 are enabled such that 
they both go low during an access. When B1 is high, 
RAS2 and RAS3 are enabled. This feature is useful when 
driving words of 32 bits or more since each RAS would 
be driving only one half of the word. By distributing the 
load on each RAS line in this way, the DP8428 will meet 
the same AC specifications driving 2 banks of 32 DRAMs 
each as the DP8429 does driving 4 banks of 16 bits each. 


2) The hidden refresh function available on the DP8429 has 
been disabled on the DP8428 in order to reduce the 
amount of setup time necessary from CS going low to 
RASIN going low during an access of DRAM. This param- 
eter, called tcsrzi, is 5 ns for the DP8428 whereas it is 
34 ns for the DP8429. The hidden refresh function al- 
lowed only a very smal! increase in system performance, 
at microprocessor frequencies of 10 MHz and above. 


Pin Definitions 


Vec, GND, GND — Voc = 5V +10%. The three supply 
pins have been assigned to the center of the package to 
reduce voltage drops, both DC and AC. There are two 
ground pins to reduce the low level noise. The second 
ground pin is located two pins from Vcc, so that decoupling 
capacitors can be inserted directly next to these pins. It is 
important to adequately decouple this device, due to the 
high switching currents that will occur when all 10 address 
bits change in the same direction simultaneously. A recom- 
mended solution would be a 1 pF multilayer ceramic capaci- 
tor in parallel with a low-voltage tantalum capacitor, both 
connected as close as possible to GND and Vcc to reduce 
lead inductance. See Figure below. 


Vcc eee call 
*MULTILAYER 


“TANTALUM 


CERAMIC Ba Ty 
GND 


TL/F/8649-8 
“Capacitor values should be chosen depending on the particular application. 
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RO-R9: Row Address Inputs. 
CO-C9: Column Address Inputs. 


Q0-Q9: Multiplexed Address Outputs - This address is 
selected from the Row Address Input Latch, the Column 
Address Input Latch or the Refresh Counter. 


RASIN: Row Address Strobe Input - RASIN directly con- 
trols the selected RAS output when in an access mode and 
all RAS outputs during hidden or external refresh. 


R/C (RFCK) - In the auto-modes this pin is the external 
refresh clock input; one refresh cycle should be performed 
each clock period. In the external access mode it is Row/ 
Column Select Input which enables either the row or column 
address input latch onto the output bus. 

CASIN (RGCK) - In the auto-modes this pin is the RAS 
Generator Clock input. In external access mode it is the 
Column Address Strobe input which controls CAS directly 
once columns are enabled on the address outputs. 


ADS: Address (Latch) Strobe Input - Row Address, Col- 
umn Address, and Bank Select Latches are fall-through with 
ADS high; latching occurs on high-to-low transition of ADS. 
CS: Chip Select Input - When high, CS disables all ac- 
cesses. Refreshing, however, in both modes 0 and 1 is not 
affected by this pin. 

MO, M2 (RFSH): Mode Control Inputs — These pins select 
one of the four available operational modes of the DP8429 
(see Table III). 


RFI/0: Refresh Input/Output - In the auto-modes this pin 
is the Refresh Request Output. It goes low following RFCK 
indicating that no hidden refresh was performed while RFCK 
was high. When this pin is set low by an external gate the 
on-chip refresh counter is reset to all zeroes. 


WIN: Write Enable Input. 
WE: Write Enable Output - WE follows WIN unconditionally. 


RAHS: Row Address Hold Time Select - Selects the 
tray to be guaranteed by the DP8428 or DP8429 delay line 
to allow for the use of fast or slow DRAMs. 


CAS: Column Address Strobe Output - In mode 5 and in 
mode 4 with CASIN low before R/C goes low, CAS goes 
low automatically after the column address is valid on the 
address outputs. In mode 4 CAS follows CASIN directly af- 
ter R/C goes low, allowing for nibble accessing. CAS is al- 
ways high during refresh. 

RAS 0-3: Row Address Strobe Outputs - The enabled 


RAS output (see Table Il) follows RASIN directly during an 
access. During refresh, all RAS outputs are enabled. 
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DP8428/DP8429/NS32828/NS32829 


Pin Definitions (continued) 


BO, B1: Bank Select Inputs - These pins are decoded to 
enable one or two of the four RAS outputs during an access 
(see Table | and Table Il). 


TABLE !. DP8429 Memory Bank Decode 


Bank Select 
(Strobed by ADS) 


Enabled RAS, 


TABLE II. DP8428 Memory Bank Decode 


Bank Select 
ee aaa ee by ADS) Enabled RAS,, 





19) 
os al ee Pao Rae: 
Conditions for All Modes 


INPUT ADDRESSING 


The address block consists of a row-address latch, a col- 
umn-address latch, and a resettable refresh counter. The 
address latches are fall-through when ADS is high and latch 
when ADS goes low. If the address bus contains valid ad- 
dresses until after CAS goes low at the end of the memory 
cycle, ADS can be permanently high. Otherwise ADS must 
go low while the addresses are still valid. 


DRIVE CAPABILITY 


The DP8429 has timing parameters that are specified driv- 
ing the typical capacitance (including traces) of 88, 5V-only 
DRAMs. Since there are 4 RAS outputs, each is specified 
driving one-fourth of the total memory. CAS, WE and the 
address outputs are specified driving all 88 DRAMs. 


The graph in Figure 10 may be used to determine the slight 
variations in timing parameters, due to loading conditions 
other than 88 DRAMs. 


Because of distributed trace capacitance and inductance 
and DRAM input capacitance, current spikes can be creat- 
ed, causing overshoots and undershoots at the DRAM in- 
puts that can change the contents of the DRAMs or even 
destroy them. To reduce these spikes, a damping resistor 
(low inductance, carbon) should be inserted between the 
DP8429 outputs and the DRAMs, as close as possible to 
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the DP8429. The damping resistor values may differ de- 
pending on how heavily an output is loaded. These resistors 
should be determined by the first prototypes (not wire- 
wrapped due to the larger distributed capacitance and in- 
ductance). Resistors should be chosen such that the tran- 
sition on the control outputs is critically damped. Typical 
values will be from 159 to 1009, with the lower values be- 
ing used with the larger memory arrays. Note that AC pa- 
rameters are specified with 159 damping resistors. For 
more information see AN-305 “Precautions to Take When 
Driving Memories”. 


DP8429 DRIVING ANY 256k or 1M DRAMS 


The DP8429 can drive any 256k or 1M DRAMs. 256k 
DRAMs require 18 of the DP8429’s address inputs to select 
one memory location within the DRAM. RAS-only refreshing 
with the nine-bit refresh-counter on the DP8429 makes CAS 
before RAS refreshing, available on 256k DRAMs, unneces- 
sary (see Figure 1a). 


1 Mbit DRAMs require the use of all 10 of the DP8429 Ad- 
dress Outputs (see Figure 7b). 


READ, WRITE AND READ-MODIFY-WRITE CYCLES 


The output signal, WE, determines what type of memory 
access cycle the memory will perform. If WE is kept high 
while CAS goes low, a read cycle occurs. If WE goes low 
before CAS goes low, a write cycle occurs and data at Dl 
(DRAM input data) is written into the DRAM as CAS goes 
low. If WE goes low later than tcwp after CAS goes low, first 
a read occurs and DO (DRAM output data) becomes valid, 
then data DI is written into the same address in the DRAM 
as WE goes low. In this read-modify-write case, D! and DO 
cannot be linked together. WE always follows WIN directly 
to determine the type of access to be performed. 


POWER-UP INITIALIZE 


When Vcc is first applied to the DP8429, an initialize pulse 
clears the refresh counter and the internal control flip-flops. 


Mode Features Summary 
m 4 modes of operation: 2 access and 2 refresh 
m Automatic or external selected by the user 


m Auto access mode provides RAS, row to column 
change, and then CAS automatically. 

m™ Choice between two different values of taay in auto-ac- 
cess mode 

m CAS controlled independently in external control mode, 
allowing for nibble mode accessing 

mw Automatic refreshing can make refreshes transparent to 
the system 


@ CAS is inhibited during refresh cycles 





DP8428/DP8429 Mode Descriptions 


MODE 0-EXTERNALLY CONTROLLED REFRESH 


Figure 2 shows the Externally Controlled Refresh timing. In 
this mode the refresh counter contents are multiplexed to 
the address outputs. All RAS outputs are enabled to follow 
RASIN so that the row address indicated by the refresh 
counter is refreshed in all DRAM banks when RASIN goes 
low. The refresh counter increments when RASIN goes 
high. RFSH should be held low at least until RASIN goes 
high (they may go high simultaneously) so that the refresh 
address remains valid and all RAS outputs remain enabled 
throughout the refresh. 


A burst refresh may be performed by holding RFSH low and 
toggling RASIN until all rows are refreshed. It may be useful 
in this case to reset the refresh counter just prior to begin- 
ning the refresh. The refresh counter resets to all zeroes 
when RFI/O is pulled low by an external gate. The refresh 
counter always counts to 511 before rolling over to zero. If 
there are 128 or 256 rows being refreshed then Q7 or Q8, 
respectively, going high may be used as an end-of-burst 
indicator. 


In order that the refresh address is valid on the address 
outputs prior to the RAS lines going low, RFSH must go low 
before RASIN. The setup time required is given by tae_At in 
the Switching Characteristics. This parameter may be ad- 
justed using Figure 710 for loading conditions other than 
those specified. 


TABLE III. DP8428/DP8429 Mode Select Options 


Mode of Operation 


Externally Controlled 
Refresh 

Auto Refresh—Forced 
Externally Controlled 
Access 

Auto Access 

(Hidden Refresh) 


DP8428/DP8429 Interface Between System and DRAM Banks 


9 
ROWS 
; ADDRESS 
COLUMNS DRIVERS 


| REFRESH 
COUNTER 


ADDRESS 
BUS 


DP8429 


All 9 Bits of Refresh Counter Used 


COLUMN DECODE 


+5V 256K 
DYNAMIC 
RAMS 


R 
0 
W 
i) 
E 
C 
0 
0 
E 
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FIGURE ta. DP8428/DP8429 with 256k DRAMs 


ADDRESS 
DRIVERS 


REFRESH 
COUNTER 


All 9 Bits of Refresh Counter Used 


| | COLUMN DECODE 


1M=BIT 
512 ARRAY 


MOOOMD =OwW 


TL/F/8649-25 


FIGURE 1b. DP8428/DP8429 with 1M DRAMs 
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DP8428/DP8429/NS32828/NS32829 


DP8428/DP8429 Mode Descriptions (Continued) 


| cS 


| -— sm ———-} 


|-—taasinn 


L- tRFLAL | | 
CASIN AND R/T 
| 
{ 


trc* | 


OUTPUTS | | ALL RAS's LOW 
RAS 0 | —| tRFPOLO > tRFPOHO 


|-——r. ——.| 
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DP8428/DP8429 Mode Descriptions (Continued) 


MODE 1-AUTOMATIC FORCED REFRESH 


In Mode 1 the R/C (RFCK) pin becomes RFCK (refresh 
cycle clock) and the CASIN (RGCK) pin becomes RGCK 
(RAS generator clock). If RFCK is high and Mode 1 is en- 
tered then the chip operates as if in MODE 0 (externally 
controlled refresh), with all RAS outputs following RASIN. 
This feature of Mode 1 may be useful for those who want to 
use Mode 5 (automatic access) with externally controlled 
refresh. By holding RFCK permanently high one need only 
toggle M2 (RFSH) to switch from Mode 5 to external re- 
fresh. As with Mode 0, RFI/O may be pulled low by an ex- 
ternal gate to reset the refresh counter. 


When using Mode 1 as automatic refresh, RFCK must be an 
input clock signal. One refresh should occur each period of 
RFCK. If no refresh is performed while RFCK is high, then 
when RFCK goes low RFI/O immediately goes. low to indi- 
cate that a refresh is requested. (RFI/O may still be used to 
reset the refresh counter even though it is also used as a 
refresh request pin, however, an open-collector gate should 
be used to reset the counter in this case since RFI/O is 
forced low internally for a request). 


After receiving the refresh request the system must allow a 
forced refresh to take place while RFCK is low. External 
logic can monitor RFRQ (RFI/O) so that when RFRQ goes 
low this logic will wait for the access currently in progress to 
be completed before pulling M2 (RFSH) low to put the 
DP8429 in mode 1. If no access is taking place when RFRQ 
occurs, then M2 may immediately go low. Once M2 is low, 
the refresh counter contents appear at the address outputs 
and RAS is generated to perform the refresh. 


An external clock on RGCK is required to derive the refresh 
RAS signals. On the second falling edge of RGCK after M2 
is low, all RAS lines go low. They remain low until two more 
falling edges of RGCK. Thus RAS remains high for one to 
two periods of RGCK after M2 goes low, and stays low for 
two periods. In order to obtain the minimum delay from M2 
going low to RAS going low, M2 should go low tarsrg be- 
fore the falling edge of RGCK. 

The Refresh Request on RFI/O is terminated as RAS goes 
low. This signal may be used to end the refresh earlier than 
it normally would as described above. If M2 is pulled high 
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DP8428/DP8429 Mode Descriptions (Continued) 


while the RAS lines are low, then the RASs go high tarry 
later. The designer must be careful, however, not to violate 
the minimum RAS low time of the DRAMs. He must also 
guarantee that the minimum RAS precharge time is not vio- 
lated during a transition from mode 1 to mode 5 when an 
access is desired immediately following a refresh. 

If the processor tries to access memory while the DP8429 is 
in mode 1, WAIT states should be inserted into the proces- 
sor cycles until the DP8429 is back in mode 5 and the de- 
sired access has been accomplished (see Figure 9). 
Instead of using WAIT states to delay accesses when re- 
freshing, HOLD states could be used as follows. RFRQ 
could be connected to a HOLD or Bus Request input to the 
system. When convenient, the system acknowledges the 
HOLD or Bus Request by pulling M2 low. Using this 
scheme, HOLD will end as the RAS lines go low (RFI/O 
goes high). Thus, there must be sufficient delay from the 
time HOLD goes high to the DP8429 returning to mode 5, so 
that the RAS low time of the DRAMs isn’t violated as de- 
scribed earlier (see Figure 3 for mode 1 refresh with Hold 
states). 

To perform a forced refresh the system will be inactive for 
about four periods of RGCK. For a frequency of 10 MHz, 
this is 400 ns. To refresh 128 rows every 2 ms an average of 


*Resistors required depends on DRAM load. 
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For 4 Banks, can drive 16 data bits 
+6 Check Bits for ECC. 

For 2 Banks, can drive 32 data bits 
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about one refresh per 16 ps is required. With a RFCK period 
of 16 ws and RGCK period of 100 ns, DRAM accesses are 
delayed due to refresh only 2.5% of the time. If using the 
Hidden Refresh available in mode 5 (refreshing with RFCK 
high) this percentage will be even lower. 


MODE 4 - EXTERNALLY CONTROLLED ACCESS 


In this mode ail control signal outputs can be controlled 
directly by the corresponding control input. The enabled 
RAS output follows RASIN, CAS follows CASIN (with R/C 
low), WE follows WIN and R/C determines whether the row 
or the column inputs are enabled to the address outputs 
(see Figure 4). 


With R/C high, the row address latch contents are enabled 
onto the address bus. RAS going low strobes the row ad- 
dress into the DRAMs. After waiting to allow for sufficient 
row-address hold time (tray) after RAS goes low, R/C can 
go low to enable the column address latch contents onto 
the address bus. When the column address is valid, CAS 
going low will strobe it into the DRAMs. WIN determines 
whether the cycle is a read, write or read-modify-write ac- 
cess. Refer to Figures 5a and 5b for typical Read and Write 
timing using mode 4. 

Page or Nibble mode may be performed by toggling CASIN 
once the initial access has been completed. In the case of 
page mode the column address must be changed before 
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FIGURE 4. Typical Application of DP8429 Using External Control Access and Refresh in Modes 0 and 4 
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DP8428/DP8429 Mode Descriptions (continuea) 


CASIN goes low to access a new memory location (see 
Figure 5c). Parameter tcpgit has been specified in order that 
users may easily determine minimum CAS pulse widths 
when CASIN is toggling. 


AUTOMATIC CAS GENERATION 

CAS is held high when R/T is high even if CASIN is low. If 
CASIN is low when R/C goes low, CAS goes low automati- 
cally, tasc after the column address is valid. This feature 
eliminates the need for an externally derived CASIN signal 
to control CAS when performing a simple access (Figure 5a 
demonstrates Auto-CAS generation in mode 4). Page or nib- 
ble accessing may be performed as shown in Figure 5c 
even if CAS is generated automatically for the initial access. 


FASTEST MEMORY ACCESS 
The fastest Mode 4 access is achieved by using the auto- 
matic CAS feature and external delay line to generate the 
required delay between RASIN and R/C. The amount of 
delay required depends on the minimum tray of the DRAMs 
being used. The DP8429 parameter tpir1 has been speci- 
fied in order that the delay between RASIN and R/C may be 
minimized. 
tpi-1 = MAXIMUM (treo - tRHa) 
where tapp_ = RASIN to RAS delay 

and taya = row address held from R/C going low. 
The delay between RASIN and R/C that guarantees the 
specified DRAM tray is given by 

MINIMUM RASIN to R/C = tpir1 + tran: 
Example 
In an application using DRAMs that require a minimum tray 
of 15 ns, the following demonstrates how the maximum 
RASIN to CAS time is determined. 


With tpiF1 (from Switching Characteristics) = 7 ns, 
RASIN to R/C delay = 7ns + 15ns = 22ns. 
A delay line of 25 ns will be sufficient. 


With Auto-CAS generation, the maximum delay from R/C to 
CAS (loaded with 600 pF) is 46 ns. Thus the maximum 
RASIN to CAS time is 71 ns, under the given conditions. 


With a maximum RASIN to RAS time (tapp,) of 20 ns, the 
maximum RAS to CAS time is about 51 ns. Most DRAMs 
with a 15 ns minimum tray have a maximum tacp of about 
60 ns. Thus memory accesses are likely to be RAS limited 
instead of CAS limited. In other words, memory access time 
is limited by DRAM performance, not controller perform- 
ance. 


REFRESHING IN CONJUNCTION WITH MODE 4 


If using mode 4 to access memory, mode 0 (externally con- 
trolled refresh) must be used for all refreshing. 


MODE 5 - AUTOMATIC ACCESS WITH HIDDEN RE- 
FRESHING CAPABILITY 


Automatic-Access has two advantages over the externally 
controlled access (mode 4). First, RAS, CAS and the row to 
column change are all derived internally from one input sig- 
nal, RASIN. Thus the need for an external delay line (see 
mode 4) is eliminated. 

Secondly, since R/C and CASIN are not needed to gener- 
ate the row to column change and CAS, these pins can be 
used for the automatic refreshing function. 


AUTOMATIC ACCESS CONTROL 


Mode 5 of the DP8429 makes accessing Dynamic RAM 
nearly as easy as accessing static RAM. Once row and col- 
umn addresses are valid (latched on the DP8429 if neces- 
sary), RASIN going low is all that is required to perform the 
memory access. 
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FIGURE 5c. Page or Nibble Access in Mode 4 
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FIGURE 6. Mode 5 Timing 


(Refer to Figure 6) In mode 5 the selected RAS follows 
RASIN immediately, as in mode 4, to strobe the row address 
into the DRAMs. The row address remains valid on the 
DP8429 address outputs long enough to meet the tray re- 
quirement of the DRAMs (pin 4, RAHS, of the DP8429 al- 
lows the user two choices of tray). Next, the column ad- 
dress replaces the row address on the address outputs and 
CAS goes low to strobe the columns into the DRAMs. WIN 
determines whether a read, write or read-modify-write is 
done. 


The diagram below illustrates mode 5 automatic control sig- 
nal generation. 
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REFRESHING IN CONJUNCTION WITH MODE 5 
When using mode 5 to perform memory accesses, refresh- 
ing may be accomplished: 

(a) externally (in mode 0 or mode 1) 
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(b) by acombination of mode 5 (hidden refresh) and © 


mode 1 (auto-refresh) 
or (c) by acombination of mode 5 and mode 0 


(a) Externally Controlled Refreshing in Mode O or Mode 1 


All refreshing may be accomplished using external refresh- 
es in either mode 0 or mode 1 with R/C (RFCK) tied high 
(see mode 0 and mode 1 descriptions). If this is desired, the 
system determines when a refresh will be performed, puts 
the DP8429 in the appropriate mode, and controls the RAS 
signals directly with RASIN. The on-chip refresh counter is 
enabled to the address outputs of the DP8429 when the 
refresh mode is entered, and increments when RASIN goes 
high at the completion of the refresh. 


(b) Mode 5 Refreshing (hidden) with Mode 1 refreshing 
(auto) 

(Refer to Figure 7a) lf RFCK is tied to a clock (see mode 1 
description), RFI/O becomes a refresh request output and 
goes low following RFCK going low if no refresh occurred 
while RFCK was high. Refreshes may be performed in 
mode 5 when the DP8429 is not selected for access (CS is 
high) and RFCK is high. If these conditions exist the refresh 
counter contents appear on the DP8429 address outputs 
and all RAS lines follow RASIN so that if RASIN goes low 
(an access other than through the DP8429 occurs), all RAS 
lines go low to perform the refresh. The DP8429 allows only 
one refresh of this type for each period of RFCK, since 
RFCK should be fast enough such that one refresh per peri- 
od is sufficient to meet the DRAM refresh requirement. 
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DP8428/DP8429 Mode Descriptions (continued) 


Once it is started, a hidden refresh will continue even if 
RFCK goes low. However, CS must be high throughout the 
refresh (until RASIN goes high). 


These hidden refreshes are valuable in that they do not 
delay accesses. When determining the duty cycle of RFCK, 
the high time should be maximized in order to maximize the 
probability of hidden refreshes. If a hidden refresh doesn’t 
happen, then a refresh request will occur on RFI/O when 
RFCK goes low. After receiving the request, the system 
must perform a refresh while RFCK is low. This may be 
done by going to mode 1 and allowing an automatic refresh 
(see mode 1 description). This refresh must be completed 
while RFCK is low, thus the RFCK low time is determined by 
the worst-case time required by the system to respond to a 
refresh request. 


(c) Mode 5 Refresh (Hidden Refresh) with mode 0 Refresh 
(External Refresh) 


This refresh scheme is identical to that in (b) except that 
after receiving a refresh request, mode 0 is entered to do 
the refresh (see mode 0 description). The refresh request is 
terminated (RFI/O goes high) as soon as mode 0 is en- 
tered. This method requires more control than using mode 1 
(auto-refresh), however, it may be desirable if the mode 1 
refresh time is considered to be excessive. 


Example 

Figure 7b demonstrates how a system designer would use 
the DP8429 in mode 5 based on certain characteristics of 
his system. 


System Characteristics: 
1) DRAM used has min tray requirement of 15 ns and 
min tasr of 0 ns 
2) DRAM address is valid from time Ty to the end of the 
memory cycle 
3) four banks of twenty-two 256k memory chips each are 
being driven 
Using the DP8429 (see Figure 7b): 
1) Tie pin 4 (RAHS) high to guarantee a 15 ns minimum 
tran which is sufficient for the DRAMs being used 
2) Generate RASIN no earlier than time Ty + tasr (see 
switching characteristics), so that the row address is 
valid on the DRAM address inputs before RAS occurs 
3) Tie ADS high since latching the DRAM address on the 
DP8429 is not necessary 
4) Connect the first 20 system address bits to RO-R9 and 
CO0-C9, and bits 21 and 22 to BO and B1 
5) Connect each RAS output of the DP8429 to the RAS 
inputs of the DRAMs of one bank of the memory array; 
connect Q0-Q9 of the DP8429 to A0-A9 of all DRAMs; 
connect CAS of the DP8429 to CAS of all the DRAMs 
Figure 7c illustrates a similar example using the DP8428 to 
drive two 32-bit banks. 


|<$$$$_$___—_———trrck ——___—+. 


ee Ea Vea 


| | NO FORCED | 
q a FORCES REFRESH HIDDEN REFRESH ALLOWED REFRESH 


PROCESSOR ACCESSING ELSEWHERE 





PROCESSOR CYCLE TIME | 


Pals 


HIDDEN REFRESH ALREADY 
ae PERFORMED, NO. SUBSEQUENT 


1 / 


tRFPDLS 


sHHECIED 
2Tns = Lees 


| 


REFRESH ALLOWED IN THIS CYCLE 


<— 'AFPDHS 
han 


| 


FIGURE 7a. Hidden Refreshing (Mode 5) and Forced Refreshing (Mode 1) Timing 


TL/F/8649-22 





DP8428/DP8429 Mode Descriptions (Continued) 


SYSTEM CLOCK 


0P8429 


CS MO RAHS 


At 


= 


VA 
00s omen 2 


TL/F/8649-23 


FIGURE 7b. Typical Application of DP8429 Using Modes 5 and 1 


Applications 


If one desires a memory interface containing the DP8429 
that minimizes the number of external components required, 
modes 5 and 1 should be used. These two modes provide: 


1) Automatic access to memory (in mode 5 only one signal, 
RASIN, is required in order to access memory) 


2) Hidden refresh capability (refreshes are performed auto- 
matically while in mode 5 when non-local accesses are 
taking place, as determined by CS) 


3) Refresh request capability (if no hidden refresh took 
place while RFCK was high, a refresh request is generat- 
ed at the RFI/O pin when RFCK goes high) 


4) Automatic forced refresh (If a refresh request is generat- 
ed while in mode 5, as described above, external logic 
should switch the DP8429 into mode 1 to do an automat- 
ic forced refresh. No other external control signals need 
be issued. WAIT states can be inserted into the proces- 
sor machine cycles if the system tries to access memory 
while the DP8429 is in mode 1 doing a forced refresh). 


Some items to be considered when integrating the DP8429 

into a system design are: 

1) The system designer should ensure that a DRAM access 
not be in progress when a refresh mode is entered. Simi- 


larly, one should not attempt to start an access while a 
refresh is in progress. The parameter tarHRL specifies 
the minimum time from RFSH high to RASIN going low to 
initiate an access. 


2) One should always guarantee that the DP8429 is enabled 
for access prior to initiating the access (see tcsp_j). 


3) One should bring RASIN low even during non-local ac- 
cess cycles when in mode 5 in order to maximize the 
chance of a hidden refresh occurring. 


4) At lower frequencies (under 10 Mhz), it becomes increas- 
ingly important to differentiate between READ and 
WRITE cycles. RASIN generation during READ cycles 
can take place as soon as one knows that a processor 
READ access cycle has started. WRITE cycles, on the 
other hand, cannot start until one knows that the data to 
be written at the DRAM inputs will be valid a setup time 
before CAS (column address strobe) goes true at the 
DRAM inputs. Therefore, in general, READ cycles can be 
initiated earlier than WRITE cycles. 

5) Many times it is possible to only add WAIT states during 
READ cycles and have no WAIT states during WRITE 
cycles. This is because it generally takes less time to 
write data into memory than to read data from memory. 
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Applications (continued 
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FIGURE 7c. Typical Application of DP8428 Using Modes 5 and 1 


The DP84XX2 family of inexpensive preprogrammed medi- 
um Programmable Array Logic devices (PALs) have been 
developed to provide an easy interface between various mi- 
croprocessors and the DP84XX family of DRAM controller/ 
drivers. These PALs interface to all the necessary control 
signals of the particular processor and the DP8429. The 
PAL controls the operation of the DP8429 in modes 5 and 1, 
while meeting all the critical timing considerations discussed 
above. The refresh clock, RFCK, may be divided down from 
the processor clock using an IC counter such as the 
DM74LS393 or the DP84300 programmable refresh timer. 
The DP84300 can provide RFCK periods ranging from 15.4 
ps to 15.6 ws based on an input clock of 2 to 10 MHz. 
Figure 8 shows a general block diagram for a system using 
the DP8429 in modes 1 and 5. Figure 9 shows possible 
timing diagrams for such a system (using WAIT to prohibit 
access when refreshing). Although the DP84XX2 PALs are 
offered as standard peripheral devices for the DP84XX 
DRAM controller/drivers, the programming equations for 
these devices are provided so the user may make minor 
modifications for unique system requirements. 


ADVANTAGES OF DP8429 OVER 
A DISCRETE DYNAMIC RAM CONTROLLER 


1) The DP8429 system solution takes up much less board 
space because everything is on one chip (latches, re- 
fresh counter, control logic, multiplexers, drivers, and in- 
ternal delay lines). 
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2) Less effort is needed to design a memory system. The 
DP8429 has automatic modes (1 and 5) which require a 
minimum of external control logic. Also programmable ar- 
ray logic devices (PALs) have been designed which allow 
an easy interface to most popular microprocessors (Mo- 
torola 68000 family, National Semiconductor 32032 fami- 
ly, Intel 8086 family, and the Zilog Z8000 family). 


3) Less skew in memory timing parameters because all crit- 
ical components are on one chip (many discrete drivers 
specify a minimum on-chip skew under worst-case condi- 
tions, but this cannot be used if more then one driver is 
needed, such as would be the case in driving a large 
dynamic RAM array). 


4) Our switching characteristics give the designer the critical 
timing specifications based on TTL output levels (low = 
0.8V, high = 2.4V) at a specified load capacitance. All 
timing parameters are specified on the DP8429: 


A) driving 88 DRAM’s over a temperature range of 0-70 
degrees centigrade (no extra drivers are needed). 


B) under worst-case driving conditions with all outputs 
switching simultaneously (most discrete drivers on the 
market specify worst-case conditions with only one 
output switching at a time; this is not a true worst-case 
condition). 
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FIGURE 9. DP8429 Auto Refresh, Access with WAIT States 


(penunuco) sUOI}BON|ddy 





Switching Characteristics 


All A. C. parameters are specified with the equivalent load 
capacitances, including traces, of 88 DRAMs organized as 4 
banks of 22 DRAMs each. Maximums are based on worst- 
case conditions including all outputs switching simulta- 
neously. This, in many cases, results in the AC valves 
shown in the DP84XX DRAM controller data sheet being 
much looser than true worst case maximum AC delays. The 
system designer should estimate the DP8429 load in his/ 
her application, and modify the appropriate A. C. parame- 
ters using the graph in Figure 10. Two example calculations 
are provided below. 


en 2500 SHO 0 +100 +300 +800 
CoF 
TL/F/8649-28 
FIGURE 10. Change in Propagation Delay 
relative to “true” (application) load minus 
AC specified data sheet load 


Examples 
1) Amode 4 user driving 2 banks of DRAM has the follow- 
ing loading conditions: 
CAS = -- 300 pF 
Q0-Q9 - 250 pF 
RAS ~~ - 150 pF 
A.C. parameters should be adjusted in accordance with Fig- 


ure 10 and the specifications given for the 88 DRAM load as 
follows: 


max tapp_ = 20 ns — Ons = 20 ns (since RAS load- 
ing is the same as that which is spec’ed) 


max tcppL = 32 ns — 7ns = 25 ns 
max tccas = 46 ns — 7 ns = 39ns 
max tacc = 41 ns — 6ns = 36ns 


min trHa is not significantly effected since it does not 
involve an output transition 
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Other parameters are adjusted in a similar manner. 
2) A mode 5 user driving one bank of DRAM has the 
following loading conditions: 
CAS - 120 pF 
Q0-Q9 - 100 pF 
RAS - 120 pF 
A. C. parameters should be adjusted as follows: 
with RAHS = “1”, 
max tricL = 70 ns — 11 ns = 59ns 
max taco. = 55ns + 1ns — 11ns = 45ns 
(the + 1 ns is due to lighter RAS loading; the — 11 ns 
is due to lighter CAS loading) 
min tray = 15 ns + 1ns = 16 ns 


The additional 1 ns is due to the fact that the RAS line 
is driving less (switching faster) than the load to which 
the 15 ns spec applies. The row address will remain 
valid for about the same time irregardless of address 
loading since it is considered to be not valid at the 
beginning of its transition. 


OUTPUT Ro 
UNDER 
TEST 


TEST POINT 


TL/F/8649-29 
FIGURE 11. Output Load Circuit 
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Absolute Maximum Ratings (note 1) Operating Conditions 


Specifications for Military/Aerospace products are not Min 
contained in this datasheet. Refer to the associated Vcoc Supply Voltage 4,50 
reliability electrical test specifications document. Ta Ambient 


Supply Voltage, Vcc 7.0V Temperature 0 
Storage Temperature Range —68°C to + 150°C 
Input Voltage 5.5V 
Output Current 150 mA 
Lead Temp. (Soldering, 10 seconds) 300°C 


Electrical Characteristics Vcc = 5.0v +10%, 0°C < Ta < 70°C unless otherwise noted (Note 2) 


Input High Curentforalinputs | Vw=2sv ‘| | 20 | 100_| 
[Output Load GurentforRFV/O | Viv=08v, Ouiputhigh |__| -o7 | -15 _| 
Input Low Gurentforallinputs™™ | Vw=osv | | 002 | 025 | 
TADS, FVC,05, Ma.RASN | Vw=osv——~«(|———*dtSC 
inputtowTwesnod iP SSCS*~SSCSC‘iSSCSC*dCi‘ 
“input High Tweshold@ Si SSSCSCSCSCSCS~—SCS Pd 
[8 | 
08 | 
i [35] 


20] 
: aaestad 
T OutputLow VotagetorAFVO | in =emaA iY SS 
= 50 | 
[50 _| 
<4 


*Except RFI/O 
**Except RFI/O, ADS, R/C, CS, M2, RASIN 


3.5 
0 
[200 | 


Switching Characteristics: DP8428 and DP8429 


Voc = 5.0V + 10%, 0°C < Ty < 70°C unless otherwise noted (Notes 2, 4, 5), the output load capacitance is typical for 4 
banks of 22 DRAMs each or 88 DRAMs, including trace capacitance. 

* These values are Q0-Q9, C,_ = 500 pF; RASO-RAS3, Ci = 150 pF; WE, C_ = 500 pF; CAS, C_ = 600 pF; RL = 5000 
unless otherwise noted. See Figure 77 for test load. Maximum propagation delays are specified with all outputs 
switching. 

** Preliminary 


* ae ae 
Access Parameter | Condon |e AllC. = 50 pF 


tRICLo RASIN to CAS Low Delay Figure 6 57 97 
(RAHS = 0) DP8428-80/29-80 

tRICLO RASIN to CAS Low Delay Figure 6 57 87 75 
(RAHS = 0) DP8428-70/29-70 

trRIcL4 RASIN to CAS Low Delay Figure 6 
(RAHS = 1) DP8428-80/29-80 


tRICL1 RASIN to CAS Low Delay Figure 6 48 70 
(RAHS = 1) DP8428-70/29-70 


RASIN‘OCASHighDely | Flues | —_—+(| a7 _ 
tRCDLO RAS to CAS Low Delay Figure 6 43 
(RAHS = 0) DP8428-80/29-80 
tRoDLOo RAS to CAS Low Delay Figure 6 43 72 
(RAHS = 0) DP8428-70/29-70 
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Switching Characteristics: DP8428 and DP8429 (continued) 


Voc = 5.0V + 10%, 0°C < Ta < 70°C unless otherwise noted (Notes 2, 4, 5), the output load capacitance is typical for 4 
banks of 22 DRAMs each or 88 DRAMs, including trace capacitance. , 

* These values are Q0-Q9, C, = 500 pF; RASO-RAS3, C, = 150 pF; WE, C_ = 500 pF; CAS, C,_ = 600 pF; RL = 5009 
unless otherwise noted. See Figure 17 for test load. Maximum propagation delays are specified with all outputs 
switching. 

** Preliminary 


* os 
Symbol | AccessParameter | Condition | "FETA. spr _ 


taco. RAS to CAS Low Delay Figure 6 
(RAHS = 1) DP8428-80/29-80 


tRcDL1 RAS to CAS Low Delay Figure 6 
(RAHS = 1) DP8428-70/29-70 


tRODH RAS to CAS High Delay 


tRAHO Row Address Hold Time Figure 6 
(RAHS = 0, Mode 5) 
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tRAH1 Row Address Hold Time Figure 6 
(RAHS = 1, Mode 5) 

tasc Column Address Set-up Time Figure 6 
(Mode 5) 


tacvo RASIN to Column Address Figure 6 
Valid (RAHS = 0, Mode 5) DP8428-80/29-80 


trcvo RASIN to Column Address Figure 6 85 
Valid (RAHS = 0, Mode 5) DP8428-70/29-70 
trov1 RASIN to Column Address Figure 6 76 
Valid (RAHS = 1, Mode 5) DP8428-80/29-80 | 
tacvi1 RASIN to Column Address Figure 6 
Valid (RAHS = 1, Mode 5) DP8428-70/29-70 | 
as Be 


tRPDL RASIN to RAS Low Delay Figures $a,5b,6 | | 21 | 


taPDH RASIN to RAS High Delay Figuressa,5b6 | «| 20 | = ss| 7? 
taSAL Address Set-up to RASINlow | Figuressa5b6 | 13 | | 


tapp Address Input to Output Figures Sa, 5b, 6 25 
Delay 

tspp Address Strobe High to Figures 5a, 5b 48 , 
Address Output Valid 


tasa Address Set-up Time to ADS 
taHA Address Hold Time from ADS 
taps Address Strobe Pulse Width 
twep WIN to WE Output Delay 


toppL CASIN to CAS Low Delay 
(R/C low, Mode 4) 


toPDH CASIN to CAS High Delay 
(R/C low, Mode 4) 


tcpdit tcppL - tCPDH 


Figures 5a, 5b, 6 { 
Figures 5a, 5b, 6 

Figures 5a, 5b, 6 

Figure 5b 

Figure 5b | 


Figure 5b 


See Mode 4 
Description 


tacc Column Select to Column Figure 5a 


Address Valid 


tacr Row Select to Row 
Address Valid 


tRHA Row Address Held from 
Column Select 


tccas R/C Low to CAS Low Delay Figure 5a 
(CASIN Low, Mode 4) DP8428-80/29-80 


tccas R/C Low to CAS Low Delay Figure 5a 
(CASIN Low, Mode 4) DP8428-70/29-70 


toiF4 Maximum (tRppL - taHa) See Mode 4 
Description 





Figures 5a, 5b 


Figure 5a 


tpir2 Maximum (tacc - tcpDL) 
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Switching Characteristics: DP8428 and DP8429 (continued) 


Voc = 5.0V + 10%, 0°C < Ta < 70°C unless otherwise noted (Notes 2, 4, 5). The output load capacitance is typical for 4 
banks of 22 DRAMs each or 88 DRAMs, including trace capacitance. 

* These values are Q0-Q9, C, = 500 pF; RASO-RAS3, C_ = 150 pF; WE, C_ = 500 pF; CAS, C_ = 600 pF; RL = 5009 
unless otherwise noted. See Figure 77 for test load. Maximum propagation delays are specified with all outputs 
switching. 


**Preliminary 


** we 
tro Refresh Cycle Period | Feweze | soo | ns 


tRASINL,H Pulse Width of RASIN Figure 2a ns 
during Refresh 
tREPDLO RASIN to RAS Low Delay Figure 2a 
during Refresh (Mode 0) 
tREPDLS5 RASIN to RAS Low Delay Figure 7 
during Hidden Refresh 
tREPDHO RASIN to RAS High Delay Figure 2a 
during Refresh (Mode 0) 
tREPDH5 RASIN to RAS High Delay Figure 7 44 
during Hidden Refresh 
tRFLCT RFSH Low to Counter Figures 2a, 3 
Address Valid CS = X 
tRELRL RFSH Low Set-up to RASIN Figure 2a 12 
Low (Mode 0), to get 
Minimum tasr = 0 
tRFHRL RFSH High Setup to Access Figure 3 
RASIN Low 
tREHRV RFSH High to Row Figure 3 43 
Address Valid 
Valid 


tRsT Counter Reset Pulse Width 


toTL RF1/0O Low to Counter Figure 2a 
Outputs All Low 
tRFCKL,H Minimum Pulse Width Figure 7 100 
of RFCK 
T Period of RAS Generator Figure 3 
Clock 
tRGCKL Minimum Pulse Width Low Figure 3 
of RGCK 
taGCKH Minimum Pulse Width High Figure 3 15 
of RGCK 


teRAL RFCK Low to Forced RFRQ Figure 3 
(RFI/O) Low C_ = 50 pF 
RL = 35k 
tERQH RGCK Low to Forced RFRQ Figure 3 
High CL = 50 pF 
RL = 35k 
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Switching Characteristics: DP8428 and DP8429 (continuea) 


Voc = 5.0V + 10%, 0°C < Ta < 70°C unless otherwise noted (Notes 2, 4, 5). The output load capacitance is typical for 4 
banks of 22 DRAMs each or 88 DRAMS, including trace capacitance. 

* These values are Q0-Q9, C, = 500 pF; RASO-RAS3, C_ = 150 pF; WE, C_ = 500 pF; CAS, C, = 600 pF; RL = 500 
unless otherwise noted. See Figure 17 for test load. Maximum propagation delays are specified with all outputs 
switching. 


**Preliminary 


tRERH RFSH High to RAS High (See Mode 1 
(Ending Forced Refresh Description) 
early) 
tRFSRG RFSH Low Set-up to (See Mode 1 12 
RGCK Low (Mode 1) Description) 
Figure 3 
tCSHR CS High to RASIN Low for Figure 7 
Hidden Refresh 
tCSRL1 CS Low to Access RASIN Figure 3 34 
for DP8429 Low (Using Mode 5 with 
Auto Refresh Mode) 
tCSRL1 CS Low to Access RASIN Figure 3 
for DP8428 Low (Using Mode 5 with 
Auto Refresh Mode) 


tcsRLo CS Low to Access RASIN (See Mode 5 
Low (Using Modes 4 or 5 Description) 
with externally controlled 
Refresh) 


RFCK High to RASIN 
low for hidden Refresh 


Input Capacitance 1, = 25°c (Note 2) 


| Parameter | Condition | Min | Typ | Max 
Input Capacitance ADS, R/C, CS, M2, RASIN bet ie the eal 
Input Capacitance All Other Inputs Pee tee MMe eet fee elie ee 


Note 1: “Absolute Maximum Ratings” are the values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation. 


Note 2: All typical values are for Ta = 25°C and Voc =5.0V. 


Note 3: This test is provided as a monitor of Driver output source and sink current capability. Caution should be exercised in testing this parameter. In testing these 
parameters, a 152 resistor should be placed in series with each output under test. One output should be tested at a time and test time should not exceed 1 second. 


Note 4: Input pulse OV to 3.0V, ta =t-=2.5 ns, f=2.5 MHz, tpw=200 ns. Input reference point on AC measurements is 1.5V Output reference points are 2.4V for 
High and 0.8V for Low. 


Note 5: The load capacitance on RF I/O should not exceed 50 pF. 
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DP8420/DP8422 


National 
Semiconductor 
Corporation 


DP8420/DP8422 Programmable 1 and 4 Megabit 
Dynamic RAM Controller/Driver(s) 


General Description 


The DP8420/22 DRAM Controller(s) provide single-chip in- 
terfaces between Dynamic RAM and all popular 8-, 16-, and 
32-bit microprocessors. Each device is easily pro- 
grammmed so that its control logic configuration(s) may be 
optimized for. use with virtually any manufacturer's micro- 
processors, eliminating the need for any external support 
circuits. 

The DP8420/22 generate all required access control signal 
timing and automatically refresh all DRAMs as required. Fur- 
thermore, each device performs all access/refresh arbitra- 
tion. Control signal pulse widths are adjustable so that sys- 
tem timing may be optimized for any operating frequency. 
The DP8420 is packaged in a 68-pin Plastic Chip Carrier 
(PCC). The DP8422 has most of the features of the DP8420 
plus the additional control signals necessary to perform 
dual-porting and 4 megabit DRAM addressing. 


Features 

Controls all Dynamic RAMs including 4 Mbit DRAMs 

m Allows no-wait state operation at processor clock fre- 
quencies of 10 MHz and above 

m Supports clock frequencies above 20 MHz 

a Can directly address up to 32 Mbytes of Dynamic RAM 


FUTURE PRODUCT 


m On board access/refresh arbitration logic 

m Direct interface to all major microprocessors 

m CMOS process for low power consumption 
Programmable WAIT/DATA ACKNOWLEDGE output 
Adjustable RAS and CAS pulse widths 
Byte write capability up to 32 bits 
Programmable DRAM row address hold time and col- 
umn address setup time 
Programmable RAS low time during refresh 
Programmable RAS precharge time 
Precise on-board delay line 
Programmable refresh period 
Burst refresh available 
Support for error detection and correction including 
scrubbing during refresh cycles 
4 RAS and 4 CAS drivers 
Programmable RAS/CAS configuration 
Allows synchronous or asynchronous operation 
Supports all nibble and page modes of operation 
Support for memory interleaving 
Automatic column generation on-chip allows multiple 
word accesses within a page after the initial address is 
specified 

m Support for staggered refresh 
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Precautions to Take When 
Driving Memories 


As memory prices continue their relentless reduction of cost 
per bit, more and more systems designers are incorporating 
memories into their designs. In general these memories 
comprise a number of dynamic RAMs, such as the 64k x 1. 
In this x 1 configuration, the number of RAMs required is a 
multiple of the bus width. Most new system designs use 16- 
bit microprocessors, so that a typical memory will comprise 
from 16 to 64 DRAMSs, thus providing from 64k to 256k ad- 
dressing capability. This means the memory drivers have to 
drive upwards of 16 RAMs. The drivers may be part of an 
integrated circuit dynamic RAM controller such as the 
DP8408A/DP8409A, or they may be on a separate chip 
such as the DP84240/DP84244 octal memory drivers. The 
recommendations in this article are valid for any type of 
memory driver. The purpose of the article is to forewarn new 
designers using memories of problems they will encounter if 
adequate precautions are not taken. 


A typical configuration of a 16-bit wide memory is shown in 
Figure 1. Each driver address output goes to every dynamic 
RAM, as does WE. CAS outputs go to half the number of 
RAMs assuming byte writing is required. RAS outputs each 
go only to one bank. Note that these loads are not true for 
the data inputs and outputs. Each data I/O only connects to 
its respective bit, so the loading is only one RAM per bank 
for data. In general, this is why buffers are not required on 
the data bus when interfacing to memory. Data In of the 
RAMs can be linked directly to Data Out for any one bit, and 
also to the corresponding bit on the data bus. This is true for 
normal read and write operations, but if read-modify-write 
cycles are employed, the Data Out signals must be buffered 
from the data bus. 


Using this typical memory configuration may not be as sim- 
ple as it seems. Without care and attention, problems can 
arise for the unprepared, and there are two areas in particu- 
lar which may cause memory errors or memory damage: 
one is voltage overshoot caused by inductive traces and 
high capacitive loads, the other is switching spikes caused 
by switching high capacitive loads. 


OVERSHOOT AND UNDERSHOOT 
(Undershoot is Negative Overshoot) 


When a system requires a number of dynamic RAMs, the 
result is high capacitance loads, caused by a combination of 
RAM input capacitance and trace capacitance. Each dy- 
namic RAM has a specified input capacitance of 10 pF max- 
imum, but most dynamic RAMs are closer to 2 to 3 pF. Very 
few actually get close to 10 pF, even under worst case con- 
ditions of high temperature and Vcc. It is safe, therefore, to 
assume a much lower average input capacitance when us- 
ing 16 or more RAMs. 


In fact, the input capacitance of most inputs is due more to 
the package than the input gating, because the silicon gate 
inputs of the transistors in today’s market have such high 
impedance. A typical maximum would be 2.5 pF. Control 
inputs such as RAS and CAS connect to more than one 
transistor input. For example, on the National Semiconduc- 
tor 64k x 1 dynamic RAM, the NMC4164, RAS goes to two 
transistors and CAS to four. In general, this is true for most 
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manufacturers’ RAMs, so a more typical maximum input ca- 
pacitance would be 3 pF for RAS and 3.5 pF for CAS. RAM 
input currents are so small as to be negligible. The input 
current is quoted as 10 pA maximum, but again most RAMs 
are much less than this in a typical memory. Driving DRAMs, 
therefore, is not a problem of DC drive capability, but rather 
a problem of capacitance drive capability. 


Driving DRAM input capacitance is further compounded by 
printed circuit traces, and even more so by wire-wrapping. 
Both can be represented by a transmission line with distrib- 
uted capacitance and inductance. Thus, the total load is 
equivalent to a complex impedance comprising the distribut- 
ed trace inductance, and a capacitance comprising distribut- 
ed trace capacitance and RAM input capacitance as shown 
in Figure 2a. 


The effect is an overshoot or undershoot at the dynamic 
RAM inputs that occurs each time a memory driver changes 
state, as shown in Figure 2b. As the driver output changes 
state, the load capacitance cannot be instantaneously 
charged or discharged because the current available is limit- 
ed both by the driver transistor impedance, and the equiva- 
lent series resistance from the supply rail through the chip 
to the trace resistance. This current will be similar in value to 
the quoted short circuit current of the driver stage; therefore 
there is a spike of current that lasts as long as it takes to 
change the voltage of all the capacitances. For the driver 
stages of the DP8408A/DP8409A, or the DP84240/ 
DP84244, the typical short circuit current is 100 mA per 
stage. This is true for either direction, so that the high-to-low 
transition takes roughly the same time as the low-to-high 
transition, minimizing skew times on all the driver outputs, 
as they transition in either direction. Assuming the output 
low voltage, Vo_, is 0.2V and the output high voltage, Vou, 
is 3.2V, and that the charge/discharge current is constant at 
Isc, then the current spike will exist for a time, T, where, 


T = Gr X (Vou — VoL)/Isc 
= 500 pF X 3.0V/100 mA = 15 ns 


C,, (500 pF) is the load capacitance of typically 64 to 88 
dynamic RAMs, in other words, four banks comprising 16 
data bits and possibly six check bits if error correction is 
required. 


In fact, due to the trace inductance, the rate of change of 
current will not be a step function, so that the current wave- 
form looks like a spike. Even so, the rapid rate of change of 
current, di/dt, into the trace inductance L, will create a po- 
tentially excessive voltage “e” across this inductance. As 
an example, if the current changes from 0 to 100 mA in 6 ns, 
and the composite trace inductance is 0.3 H, then the volt- 
age across this inductance is “‘e,”where, 


e = Ldi/dt 
= 0.3 wH xX 100 mA/6 ns = 5V 


In other words, at this rate of change in current, even a 
small inductance can be dangerous for two reasons. First, 
the dynamic RAMs at the far end of the trace could be 
destroyed, unless they have clamping diodes to Vcc and 
GND (most do not), or second, the returning voltage may 
exceed the threshold it has just passed causing a second 
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and then third change of state. If this sudden glitch occurs 
ona control signal input such as RAS, the memory contents 
may be inadvertently changed. 


It is therefore necessary to remove the spike. The most 
common approach is to insert a damping resistor in the path 
between the driver and the RAMs, fairly close to the driver, 
as shown by Rp in Figure 2a. The best value for the resistor 
is the critical value giving a critically damped transition. Too 
high a value will cause overdamping which results in a slow 
transition. This slow edge may create excessive skew prob- 
lems and slow down the memory cycle, or even worse, the 
edge may be slow enough that the RAM cycle never begins 
internally. If the damping resistor value is too low, the under- 
shoot or overshoot may not be removed. It is therefore rec- 
ommended that the resistor be determined on the first pro- 
totypes (not wire-wrapped prototypes because the value will 
be different due to the larger distributed inductance and ca- 
pacitance). Also, the values may be different for the control 
lines, particularly CAS. If there are a number of banks, and a 
RAS is used to select each bank, then the damping resistor 
in this line will be higher. 


Typical values for the damping resistors will be between 
152 and 100, the lower the loading, the higher the values. 


Some IC manufacturers offer octal memory drivers with on- 
chip series resistors fixed at ~ 252. Unless this is the crit- 
ical value required for all the lines, problems will arise. The 
DP8400 family has been designed with equivalent internal 
values of approximately 100, allowing for any external value 
of damping resistor. 


SWITCHING CURRENT SPIKES 


Another major undesirable effect of the fast current spikes 
is the effect on the Vcc and GND pins. The worst case is 
when all eight or nine address outputs switch in the same 
direction at the same time, as shown in Figure 3a. lf each 
driver can source or sink 100 mA, then a current of approxi- 
mately 1A could enter or exit the driver chip in a period of 20 
ns. The resistance and inductance of the Voc and GND 
lines to the chip can cause excessive drops during this 
switching time (see waveforms in Figure 3a), which may, in 
turn, upset latches either in the DP8408A/DP8409A, or ex- 
ternally. A ceramic capacitor connected across Vcc and 
GND pins will largely remove the spike. A 1 »F multilayer 
ceramic is recommended. This should be fitted as close as 
possible to the pins in order to reduce lead inductance. The 
DP8408A/DP8409A pin configuration facilitates this with 


16-BIT MICROPROCESSOR DATA BUS 


RAMS MAY BE 
16k OR 64k 


RAM ADDRESS BUS 
00-7 


SELECT UPPER BYTE 
SELECT LOWER BYTE 


NECESSARY IF MORE 


THAN ONE BANK 


LOWER 
BYTE 
UPPER 
BYTE 


TL/F/5031—1 


FIGURE 1. Typical 16-Bit Memory with Byte Write Address 





TRACE INDUCTANCE 
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—_— 


ODRIVER 


T ae CiN1 


0G 


i cle 


C=2(Cg+Cjn), L=ZL 


r= 100 FOR DP8408A/09A or 0P84240/244 
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FIGURE 2a. Complex Load impedance Caused by 
Distributed Trace Inductance L and Capacitance Cs, 
and RAM Input Capacitance Cy 


DDRIVER | | 


CURRENT i 0 


ve IF RETURNING OSCILLATOR IS 


NO Rp OR 
Rp TOO Low 


TOO HIGH, A GLITCH MAY OCCUR 


uC 
DAMPED Rp a FAST EDGE WITH NO OVERSHOOT 
w 
OVERDAMPED Rp | / FOGE TOO SLOW 
(Rp TOO HIGH) 


FIGURE 2b. Timing Waveforms Showing the Effect of 
Variations of Rp on Signals Appearing at the RAM 


GND and Vcc pins 0.2” apart so that the ceramic capacitor 
can be fitted as close to the chip as possible. The second 
GND pin should also be decoupled. These GND and Voc 
pins are located in the center of the package to reduce 
bonding lead lengths. In fact, the lead resistance is five 
times lower than if the supply pins were in the corners. An 
example of how this spike can be reduced would be the 
previous example of a 1A change in supply current switch- 
ing in 20 ns with a 1 F ceramic capacitor decoupling GND 
and Vcc. The voltage drop ‘‘v” is 1AX20 ns/1 uF, or 20 
mv. 


If the decoupling capacitor was 0.01 pF, the drop would be 
2V. Tantalum or other types of capacitors are lower frequen- 
cy capacitors and have only a small effect in reducing the 
voltage spike. Ceramic capacitors are high frequency, and 
multilayer capacitors with lower inductance have a greater 
effect in reducing the voltage spike and are therefore rec- 
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ommended. As a further recommendation, the dynamic 
RAMs should be similarly decoupled with approximately a 
0.1 uF ceramic capacitor on each RAM. Wire-wrapped 
boards, in particular, need special attention. 


There are some other precautions that may be considered 
when driving memories. First, be aware that IC sockets in- 
crease load capacitance and inductance, so it becomes a 
matter of the importance of removability of chips, and main- 
tainability. Also, shorter, thicker trace lengths will reduce the 
load, and good GND and Vcc connections will help reduce 
the voltage spikes around the memory board. For wire- 
wrapped designs, GND and Vcc should be multiwired. 
With proper decoupling and correct selection of damping 
resistors, integrated circuit dynamic RAM controllers will 
function as expected to ease the burden of the system de- 
signer. 
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INTERNAL EXTERNAL 


BONDING SUPPLY RAIL 
RESISTANCE Vec RESISTANCE Vec 


icc @ 


Dog 
ODRIVER t ODRIVER ge 
CDECOUPLE Oia | r CL 


BONDING SUPPLY RAIL 
RESISTANCE Guo RESISTANCE icc Om 


FIGURE 3a. Effect of Switching All Outputs 
Simultaneously in the Same Direction 


® 


DRIVERS 


-ls¢ ——_“——_ 


Vcc -GND Vas WITH GOOD DECOUPLING ay. 
-— WITH INADEQUATE DECOUPLING —— 


FIGURE 3b. Timing Waveforms Showing Internal Supply 
Rail Drops During Output Switching 
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Determining the Speed of 
the Dynamic RAM Needed 
When Interfacing the 
DP8419-80 to Most Major 


Microprocessors 


INTRODUCTION 


This application note looks at the individual delay elements 
of a CPU to memory access path for a typical memory sys- 
tem utilizing the DP8419-80 DRAM controller. In the final 
analysis the reader should be equipped with all the neces- 
sary equations to easily calculate the slowest/cheapest al- 
flowable DRAMS for no wait state CPU operation when us- 
ing the DP8419-80 in his/her system. 


Equations for calculating the maximum allowable DRAM 
“tRAC” (RAS access time) and “tCAC” (CAS access time) 
specifications for a particular microprocessor to operate at 
its maximum clock frequency without wait states are provid- 
ed. Table | and Figure 3 at the end of this application note 
give potential DP8419-80 users an illustration of what speed 
DRAM they may typically need to use in order to achieve no 
wait state operation with a particular microprocessor. It is 
important to note that even better performance can be 
achieved by using the faster DP8419-70. 
THE 5 FUNCTIONAL BLOCKS 
*Figure 1 illustrates the five functional blocks and the five 
main delay segments of our DP8419-80 based system ex- 
ample. For this particular example, the following functional 
block descriptions apply: 
Functional 
Block 
A) The CPU issues an access request to the 
PAL then reads or writes data to or from 
the DRAMs; 


Functional Block Description 


eee ll BUS 


-K— 4 — 


DATA BUS TRANCEIVERS 
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Functional 
Block 
B) The PAL provides the refresh access 
arbitration logic which 
holds off a CPU access during a DRAM 
refresh and DRAM refresh during a CPU 
access. The PAL also provides the 
RASIN signal to the DP8419-80; 
The DP8419-80 generates the control 
signal timing required by the DRAMs. It 
also automatically multiplexes the row 
and column addresses during access, 
provides the refresh address during 
refresh and provides the on board 
capacitive drive for the direct interface 
with the DRAM array; 
The DRAM provides or stores data in 
response to the DP8419-80’s control 
signal; and, 
The tranceivers isolate the DRAMs from 
the data bus when they are not being 
accessed in addition to passing data 
between the CPU and memory during 
read and write cycles. 


Functional Block Description 


PAL 
DP84XXX 


DATA 1/0 TL/F/8595-1 


DP84412: 32008/016/032 - DP8409A/18/19/28/29 Interface PAL 
DP84512: NS32332 - DP8417/18/19/28/29 Interface PAL 
DP84322/422: 68000/008/010 - DP8409A/18/19/28/29 Interface PALS 
OP84522: 68020 - DP8418/19/28/29 Interface PAL 
DP84432: 8086/88/186/188 - DP8409A/18/19/28/29 Interface PAL 
DP84532: 80286 - DP8418/19/28/29 Interface PALS 


FIGURE 1. Delay Elements of the CPU to Memory Data Access Path 
(DP8409A or DP8417/18/ 19/28/29 System) 
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Figure 2 may prove to be a helpful reference. It illustrates a 
hypothetical system timing pattern for memory accessing 
for a 4T state microprocessor. 


DELAY SEGMENTS 


Delay segments #1 through #5 are also shown in Figure 7. 
Delay segment #1 represents the timing delay from when 
the CPU initiates an access to the point where RASIN is 
issued by the PAL to the DP8419-80; 


Delay segment #2 represents the RASIN to RAS out delay 
of the DP8419-80 DRAM controller; 


Delay segment #3 represents the RASIN to CAS out delay 
of the DP8419-80 DRAM controller; 


Delay segment #4 represents the inherent delay of the 
CPU/memory bus transceivers; 


Delay segment #5 represents the required CPU data setup 
time. 


The unique equations for determining the values of delay 
segments #1 through #5 for each of the major microproc- 
essors are provided as the primary content of this applica- 
tion note. 


|+—— taps 


CPU ADS #1 
tpaL 


CPU READ/ WRITE 


PAL RASIN OUTPUT 
DP8419 RAS 
DP8419 ADDRESS 
DP8419 CAS 

DRAM DATA OUT 


TRANSCEIVER DATA OUT 


Both “tRAC” and “‘tCAC” must be considered in determin- 
ing what speed DRAM can be used in a particular system 
design. The DRAM chosen must meet both the “tRAC” and 
"tCAC” parameters calculated. If more information is de- 
sired on how “tRAC” and “tCAC” were calculated for a 
particular microprocessor, the reader should consult the mi- 
croprocessor data sheet and the PAL data sheet for the 
particular microprocessor (ie. DP84412 Series 32000 proc- 
essors, DP84422 68000 family processors. DP84522 68020 
family processors, DP84432 iAPX88/86/188/186 proces- 
sor, DP84532 iAPX286). 


Most of the calculations contained in this application note 
use “RAHS” = 1 (15 ns guaranteed minimum row address 
hold time). Calculations only used ‘TRAHS” = 0 (25 ns guar- 
anteed minimum row address hold time) when the calculat- 
ed access time from RAS equaled or exceeded 200 ns. This 
is because DRAMs can be found with RAS access times up 
to 150 ns that require only 15 ns row address hold times. 


#3 
tre 


teppL 


ROW ADDRESS {| _ |COLUMN ADDRESS 


tcac 
= 


Le tsetup #5 
aD) 


ty 
#4 
TL/F/8595-2 


FIGURE 2. System Access Timing 
(4T State Microprocessor Example) 





tRAC/tCAC CALCULATIONS FOR THE MAJOR 
MICROPROCESSORS 


1) Series 32000 “tRAC” and “tCAC” Calculations 
Series 32000 8 MHz No Wait State Calculations 


#1) RASIN .fow = T1 — 2ns(FCLK — PHI1 skew) + 
12 ns (“B” PAL clocked output) = 
125 — 2+ 12 = 135 ns maximum 


RASIN to RAS low = 20 ns maximum 


RASIN to CAS low = 80 ns (DP8419-80 RASIN — 
CAS low) — 3 ns (load of 72 
DRAMs instead of 88 DRAMs 
speced in data sheet) = 77 ns 


#4) 74F245 transceiver delay = 7 ns maximum 

#5) CPU data setup time to “T4"" = 20 ns minimum 

“tRAC” = 7T1+ 724+ 73 -— #1 -— #2 — #4 — #5 

= 25 + 125 + 125 — 135 — 20 — 7 — 20 
193 ns 

= 71+ 72+ 73 — #1 — €3 — #4 — #5 
125 + 125 + 125 — 1385 — 77 — 7 — 20 

= 136 ns 


Therefore the DRAM chosen should have a “tRAC” less 

than or equal to 193 ns and a “tCAC” less than or equal to 

136 ns. Standard 150 ns DRAMs meet this criteria. 

Series 32000 10 MHz No Wait State Calculations 

#1) RASIN low = T1 — 2ns(FCLK — PHI1 skew) + 
12 ns (‘‘B” PAL clocked (output) = 
100 — 2 + 12 = 110 ns maximum 

ASIN to RAS low = 20 ns maximum 


#2) 
#3) 


‘“4CAC” 


RASIN to CAS low = 80 ns (DP8419 RASIN — 


CAS low) — 3 ns (load of 72 
DRAMs instead of 88 DRAMs 
speced in data sheet) = 77 ns 


#4) 74F245 transceiver delay = 7 ns maximum 
#5) CPU data setup time to “T4” = 15 ns minimum 
“tRAC’ = T1 + T2 + T3 — #1 — #2 — #4 — #5 
100 + 100 + 100 — 110 — 20 —7 — 15 
148 ns 
“tCAC” = T1 + T2 + T3 - #1 — #3 — #4 — #5 
= 100 + 100 + 100 — 100 — 77 —7 — 15 
= 91ns 


Therefore the DRAM chosen should have a “tRAC” less 

than or equal to 148 ns and a “tCAC” less than or equal to 

91 ns. Standard 120 ns DRAMs meet this criteria. 

Il) 68000 Family “tRAC” and “tCAC” Calculations 

68000 Family 8 MHz No Wait State Calculations 

#1) RASIN low = SO + S1 + AS low (maximum) + 
“B” PAL combinational output de- 
lay maximum = 125 + 60 + 15 = 
200 ns maximum 

RASIN to RAS low = 20 ns maximum 


1-99 


RASIN to CAS low = 80 ns (DP8419-80 RASIN — 
CAS low) — 3 ns (load of 72 
DRAMs instead of 88 DRAMS 
speced in data sheet) = 77 ns 
#4) 74F245 transceiver delay = 7 ns maximum 
#5) CPU data setup time = 15 ns minimum 
“tRAC” = (SO + S1) + (S2 + S3) + (S4 + S5) + S6 
(minimum) — #1 — #2 — #4 — #5 
= 125 + 125 + 125 + 55 — 200 - 20-7 - 15 
188 ns 
(SO + S1) + (S2 + S3) + (S4 + S5) + S6 
(minimum) — #1 — #3 — #4 — #5 
= 125 + 125 + 125 + 55 — 200 —- 77 —7- 15 
= 131 ns 
Therefore the DRAM chosen should have a “tRAC” less 
than or equal to 188 ns and a “tCAC’”’ less than or equal to 
131 ns. Standard 150 ns DRAMs meet this critieria. 
68000 Family 9 MHz No Wait State Calculations 
#1)  RASIN low = SO + St + AS low (maximum) + 
“B” PAL combinational output de- 
lay maximum = 111 + 55 + 15 = 
181 ns maximum 
to RAS low = 20 ns maximum 
to CAS low = 80ns (DP8419-80 RASIN — 
CAS low) — 3 ns (load of 72 
DRAMs instead of 88 DRAMs 
speced in data sheet) = 77 ns 
#4) 74F245 transceiver delay = 7 ns maximum 
#5) CPU data setup time = 10 ns minimum 
“t{RAC” = (SO + S1) + (S2 + S3) + (S4 + S5) + SE 
(minimum) — #1 — #2 — #4 — #5 
= 111+ 111 + 111 + 45 — 181 - 20-7 - 10 
160 ns 
(SO + S1) + (S2 + S3) + (S4 + S5) + S6 
(minimum) — #1 — #3 — #4 — #5 
= 111 + 111 + 111 + 45 — 181 —- 77 -—7- 10 
= 103 ns 
Therefore the DRAM chosen should have a “tRAC” less 
than or equal to 160 ns and a “tCAC” less than or equal to 
103 ns. Standard 150 ns DRAMs meet this criteria. 
68000 Family 10 MHz No Wait State 
Calculations 
#1) RASIN low = SO + S1 + AS low (maximum) + 
“B” PAL combinational output de- 
lay = 100 + 55 
+ 15 = 170 ns maximum 
RASIN to RAS low = 20 ns maximum 
RASIN to CAS low = 80 ns (DP8419-80 RASIN — 
CAS low) — 3 ns (load of 72 
DRAMs instead of 88 DRAMs 
speced in data sheet) = 77 ns 


#4) 74F245 transceiver delay = 7 ns maximum 


“tCAC” =. 


ASIN 
ASIN 


“*CAC = 


#2) 
#3) 
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#5) CPU data setup time = 10 ns minimum 
“tRAC” = (SO + $1) + (S2 + S38) + (S4 + S5) + S6 
(minimum) - #1 — #2 — #4 — #5 
= 100 + 100 + 100 + 45 — 170 —- 20-7 - 10 
138 ns 
(SO + $1) + (S2 + S3) + (S4 + S5) + S6 
(minimum) — #1 — #3 — #4 — #5 
= 100 + 100 + 100 + 45 —170-77-—-7-10 
= 81ns 
Therefore the DRAM chosen have a “tRAC” less than or 


equal to 138 ns and a “tCAC” less than or equal to 81 ns. 
Standard 120 ns DRAMs meet this criteria. 
68000 Family 11 MHz No Wait State 
Calculations 
#1) RASIN low = SO + S1 + AS low (maximum) + 
: “B” PAL combinational output de- 
lay maximum = 91 + 55 +.15 = 
161 ns maximum 
RASIN to RAS low = 20 ns maximum 
RASIN to CAS low = 80 ns (DP8419-80 RASIN — 
CAS tow) — 3 ns (load of 72 
DRAMs instead of 88 DRAMs 
speced in data sheet) = 77 ns 
#4) 74F245 transceiver delay = 7 ns maximum 
#5) CPU data setup time = 10 ns minimum 
“tRAC” = (SO + S1) + (S2 + S3) + (S4 + S5) + S6 
(minimum) — #1 — #2 — #4 — #5 
= 91+ 91 + 91 + 35 — 161 — 20 - 7-10 


“t{CAC" = 


#2) 
#3) 


= 110ns : 
“tCAC” = (SO + S1) + (S2 + S3) + (S4-+ S5) + S6 


(minimum) — #1 — #3 — #4 — #5 
= 91+ 91+ 91 + 35 — 161 —- 77-7 - 10 
= 53 ns 
Therefore the DRAM chosen should have a “tRAC” less 


than or equal to 110 ns and a “tCAC” less than or equal to 
53 ns. Standard 100 ns DRAMs meet this criteria. 
68000 Family 12 MHz No Wait State 
Calculations 
#1) .RASIN low = SO + S1 + AS low (maximum) + 
“B” PAL combinational output de- 
lay maximum = 83 + 55 + 15 = 
153 ns maximum 
RASIN to RAS low = 20 ns maximum 
RASIN to CAS low = 80 ns (DP8419-80 RASIN — 
CAS low) — 3 ns (load of 72 
DRAMs instead of 88 DRAMs 
speced in data sheet) = 77 ns 
#4) 74F245 transceiver delay = 7 ns maximum 
#5) CPU data setup time = 10 ns minimum 
“tRAC” = (SO + S1) + (S2 + S3) + (S4 + S5) + SE 
(minimum) — #1 — #2 — #4 — #5 
= 83.3 + 83.3 + 83.3 + 35 — 153 — 20 —-7 — 
10 = 95ns 
“tCAC” = (SO + S1) + (S2 + S3) + (S4 + S5) + S6 
(minimum) — #1 — #3 — #4 — #5 
= 83.3 + 83.3 + 83.3 + 35 —- 153 —- 77-7 — 
10 = 38 ns 
Therefore the DRAM chosen should have a “tRAC” less 
than or equal to 95 ns anda “tCAC” less than or equal to 38 ns. 


#2) 
#3) 


1-100 


Hl) 68020 “TRAC” AND “TCAC” Calculations 
68020 6 MHz No Wait State Calculations 
#1) RASIN -low = SO + S1 + “B” PAL combination- 
al output delay maximum = 167 + 
15 = 182 ns maximum 
RASIN to RAS low = 20 ns maximum 
RASIN to CAS low = 80 ns (DP8419-80 RASIN — 
CAS low) — 3 ns (load of 72 
DRAMs instead of 88 DRAMS 
speced in data sheet) = 77 ns 
#4) 74F244 transceiver delay = 7 ns maximum 
#5) CPU data setup time = 10 ns minimum 
“tRAC” = (SO + S1) + (S2 + S3) + S4 (minimum) — #1 
— #2 — #4 — #5 
= 167 + 167 + 75 — 182 —- 20-—7—10=190ns 
(SO + S1) + (S2 + S3) + S4 (minimum) — #1 
— #3 — #4 — #5 
= 167 + 167 + 75 —182—77 —-7—10=133ns 
Therefore the DRAM chosen should have a “tRAC” less 
than or equal to 190 ns and a “tCAC” less than or equal to 
133 ns. Standard 150 ns DRAMs meet this criteria. 
68020 7 MHz No Wait State Calculations 
#1) low = SO + S1 + “B” PAL combination- 
al output delay maximum = 143 + 
15 = 158 ns maximum 
#2) — RASIN to RAS low = 20 ns maximum 
#3) RASIN to CAS low = 80 ns (DP8419-80 RASIN — 
CAS low) — 3 ns (load of 72 
DRAMs instead of 88 DRAMS 
speced in data sheet) = 77 ns 
#4) 74F244 transceiver delay = 7 ns maximum 
#5) CPU data setup time = 10 ns minimum 
“tRAC” = (SO + S1) + (S2 + S3) + S4 (minimum) — #1 
— #2 — #4 — #5 
= 143 + 143 + 60 — 158 —20-—7-10= 151ns 
“t*CAC” = (SO + S1) + (S2 + S3) + S4 (minimum) — #1 
— #3 -— #4—- #5 
= 143 + 143 + 60 — 158 —- 77 -7-10=94ns 
Therefore the DRAM chosen should have a “tRAC” less 
than or equal to 151 ns and a “tCAC” less than or equal to 
94 ns. Standard 150 ns DRAMs meet this criteria. 
68020 8 MHz No Wait State Calculations 
#1) RASIN low = SO + S1 + “B” PAL combination- 
al output delay maximum = 125 + 
15 = 140 ns maximum 
RASIN to RAS low = 20 ns maximum 
RASIN to CAS low = 80 ns (DP8419-80 RASIN — 
CAS low) — 3 ns (load of 72 
DRAMs instead of 88 DRAMS 
speced in data sheet) = 77 ns 
#4) 74F244 transceiver delay = 7 ns maximum 
#5) CPU data setup time = 10 ns minimum 
“tRAC” = (SO + S1) + (S2 + S3) + S4 (minimum) — #1 
— #2 — #4 — #5 
= 125+ 125+ 55-140 -20-7-10=128ns 


#2) 
#3) 


“4CAC” = 


#2) 
#3) 





“tCAC” = (SO + S1) + (S2 + S3) + S4 (minimum) — #1 
— #3 — #4 — #5 
= 125+ 125+ 55 - 140 -77-7-10=71ns 


Therefore the DRAM chosen should have a “tRAC” less 
than or equal to 128 ns and a “tCAC” less than or equal to 
71 ns. Standard 120 ns DRAMs meet this criteria. 


68020 9 MHz No Wait State Calculations 


#1) RASIN low = SO + S1 + “B” PAL combination- 
al output delay maximum = 111 + 
15 = 131 ns maximum 


RASIN to RAS low = 20 ns maximum 


RASIN to CAS low = 80 ns (DP8419-80 RASIN — 
CAS low) — 3. ns (load of 72 
DRAMs instead of 88 DRAMS 
speced in data sheet) = 77 ns 


#4) 74F244 transceiver delay = 7 ns maximum 

#5) CPU data setup time = 10 ns minimum 

“tRAC” = (SO + S1) + (S2 + S3) + S4 (minimum) — #1 
— #2 — #4 — #5 

111 + 111 + 50 — 181 — 20 - 7 — 10 

104 ns 

(SO + S1) + (S2 + S3) + S4 (minimum) — #1 
— #3 — #4 —-— #5 

= 111+ 111 + 50 — 131 — 77 —- 7 — 10 

= 47 ns 


Therefore the DRAM chosen should have a “tRAC” less 
than or equal to 104 ns and a “tCAC” less than or equal to 
47 ns. 

IV) 68020 with 1 Wait State Inserted “tRAC” and "tCAC” 
Calculations 


#2) 
#3) 


“t{CAC” = 


68020 10 MHz (1 Wait State) Calculations 


RASIN low = SO + S1 + “B” PAL combination- 


al output delay maximum = 100 + 
15 = 115 ns maximum 


RASIN to RAS low = 20 ns maximum 


RASIN to CAS low = 80 ns (DP8419-80 RASIN — 
CAS low) — 3 ns (load of 72 
DRAMs instead of 88 DRAMS 
speced in data sheet) = 77 ns 


#4) 74F244 transceiver delay = 7 ns maximum 
#5) CPU data setup time = 10 ns minimum 
“tRAC” = (SO + S1) + (S2 + S3) + (SW + SW) + S4 
(minimum) — #1 — #2 — #4 — #5 
100 + 100 + 100 + 45 — 115 — 20 -—7- 10 
= 193 ns 
“tCAC” = (SO + S1) + (S2 + S3) + (SW + SW) + S4 
(minimum) — #1 — #3 — #4 — #5 
= 100 + 100 + 100 + 45 — 115 —- 77 —-7- 10 
= 136 ns 


Therefore the DRAM chosen should have a “tRAC” less 

than or equal to 193 ns and a “tCAC” less than or equal to 

136 ns. Standard 150 ns DRAMs meet this criteria. 

68020 12 MHz (1 Wait State) Calculations 

#1) RASIN low = SO + S1 + “B” PAL combination- 
al output delay maximum = 80 + 
15 = 95 ns maximum 


#1) 


#2) 
#3) 
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to RAS low = 20 ns maximum 


ASIN to CAS low = 80 ns (DP8419-80 RASIN — 
CAS low) — 3 ns (load of 72 
DRAMs instead of 88 DRAMS 
speced in data sheet) = 77 ns 


#4) 74F244 transceiver delay = 7 ns maximum 
#5) CPU data setup time = 10 ns minimum 
“tRAC” = (SO + S1) + (S2 + S3) + (SW + SW) + S4 
(minimum) — #1 — #2 — #4 — #5 
83.3 + 83.3 + 83.3 + 35 — 95 — 20-7 — 10 
= 153 ns 
“tCAC” = (SO + Si) + (S2 + S3) + (SW + SW) + S4 
(minimum) — #1 — #3 — #4 -— #5 
= 83.3 + 83.3 + 83.3 + 35 —-95- 77-7 -10 
= 96 ns 


Therefore the DRAM chosen should have a ‘tRAC” less 

than or equal to 153 ns and a “tCAC” less than or equal to 

96 ns. Standard 150 ns DRAMs meet this criteria. 

68020 14 MHz (1 Walt State) Calculations 

#1) RASIN low = SO + S1 + “B” PAL combination- 
al output delay maximum = 72 + 
15 = 87 ns maximum 

ASIN to RAS low = 20 ns maximum 


ASIN to CAS low = 80 ns (DP8419-80 RASIN — 
CAS low) — 3 ns (load of 72 
DRAMs instead of 88 DRAMs 
speced in data sheet) = 77 ns 
#4) 74F244 transceiver delay = 7 ns maximum 
#5) CPU data setup time = 5 ns minimum 
“tRAC” = (SO + S1) + (S2 + S3) + (SW + SW) + S4 
(minimum) — #1 — #2 — #4 — #5 
= 72 + 72 + 72 + 30 —- 87 -20-7-5 
= 127 ns 
“tCAC” = (SO + S1) + (S2 + S3) + (SW + SW) + S4 
(minimum) — #1 — #3 — #4 — #5 
= 72+ 72+ 72+ 30 —-87 —-77-7-5 
= 70 ns 


Therefore the DRAM chosen should have a “tRAC” less 

than or equal to 127 ns and a “tCAC” less than or equal to 

70 ns. Standard 120 ns DRAMs meet this criteria. 

68020 16 MHz (1 Wait State) Calculations 

#1) RASIN low = SO + S1 + “B” PAL combination- 
al output delay maximum = 62.5 
+ 15 = 77.5 ns maximum 

RASIN to RAS low = 20 ns maximum 


RASIN to CAS low = 80 ns (DP8419-80 RASIN — 
CAS low) — 3 ns (load of 72 
DRAMs instead of 88 DRAMs 
speced in data sheet) = 77 ns 


#4) 74F244 transceiver delay = 7 ns maximum 
#5) CPU data setup time = 5 ns minimum 
“tRAC” = (SO + S1) + (S2 + S3) + (SW + SW) + S4 
(minimum) — #1 — #2 — #4 — #5 
= 62.5 + 62.5 + 62.5 + 25-775—-20-7-5 
= 103 ns 


#2) 
#3) 


#2) 
#3) 
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**CAC” = (SO + S1) + (S2 + S38) + (SW + SW) + S4 
(minimum) — #1 — #3 — #4 — #5 
= 625+ 625+ 625+ 25-—77.5—-77-7-5 
= 46 ns 


Therefore the DRAM chosen should have a “‘tRAC” less 
than or equal to 103 ns and a “tCAC”’ less than or equal to 
46 ns. 


V) iAPX 86/88/186/188 Family “tRAC” and “tCAC” Cal- 
culations 


iAPX 86/88 8 MHz No Wait State Calculations 


#1) RASIN low = Maximum clock high + 15 ns (“B” 
PAL combinational output delay) = 
82 + 15 = 97 ns maximum 


RASIN to RAS low = 20 ns maximum 


RASIN to CAS low = 97 ns (DP8419-80 RASIN — 
CAS low) — 3 ns (load of 72 
DRAMs instead of 88 DRAMs 
speced in data sheet) = 94 ns 
maximum (using 25 ns minimum 
row address hold time) 


#4) 74F245 transceiver delay = 7 ns maximum 
#5) CPU data setup time to “T4” = 20 ns minimum 
‘tRAC” = T1 + T2 + 73 — #1 —-— #2 — #4 -— #5 
= 125 + 125 + 125 — 97 — 20 — 7 — 20 
231 ns 
T1+72+ 73 — #1 — #3 — #4 —-— #5 
125 + 125 + 125 —- 97 — 94 — 7 — 20 
= 157 ns 


Therefore the DRAM chosen should have a “‘tRAC” less 
than or equal to 231 ns and a “tCAC” less than or equal to 
157 ns. Standard 200 ns DRAMs meet this criteria. 


iPX 186/188 8 MHz No Wait State Calculations 


#1) RASIN low = Maximum clock high + 15 ns (“B” 
PAL combinational output delay) = 
70 + 15 = 85 ns maximum 


RASIN to RAS low = 20 ns maximum 


RASIN to CAS low = 97 ns (DP8419-80 RASIN — 
CAS low) — 3 ns (load of 72 
DRAMs instead of 88. DRAMs 
speced in data sheet) = 94 ns 
maximum (using 25 ns minimum 
row address hold time) 


#4) 74F245 transceiver delay = 7 ns maximum 

#5) CPU data setup time to ‘‘T4” = 20 ns minimum 

“RAC” = 714+ T2 4+ 73 - #1 —- #2 — #4 —-— #5 
= 125 + 125 + 125 — 85 — 20 —7 — 20 

243 ns 

T1 + 72+ 73 — #1 —-— #3 — #4 -— #€5 

125 + 125 + 125 — 85 — 94 — 7 — 20 

169 ns 


Therefore the DRAM chosen should have a “‘tRAC” less 

than or equal to 243 ns and a “tCAC” less than or equal to 

169 ns. Standard 200 ns DRAMs meet this criteria. 

iAPX 86/88 10 MHz No Wait State Calculations 

#1) RASIN low = Maximum clock high + 15 ns (“B” 
PAL combinational output delay) = 
61 + 15 = 76 ns maximum 

RASIN to RAS low = 20 ns maximum 


#2) 
#3) 


“4#CAC” a 


#2) 
#3) 


“+CAC” a 


#2) 
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#3) RASIN to CAS low = 80 ns (DP8419-80 RASIN — 


CAS low) — 3 ns (load of 72 
DRAMs instead of 88 DRAMs 
speced in data sheet) = 77 ns 
maximum (using 15 ns minimum 
row address hold time) 


#4) 74F245 transceiver delay = 7 ns maximum 
#5) CPU data setup time to “T4” = 5 ns minimum 
“tRAC” = T1 + T2 + 13 — #1 -— #2 — #4 — #5 
100 + 100 + 100 - 76 - 20-7-5 
192 ns 
T1 + 72+ 73 — #1 —-— #3 — #4 — #5 
100 + 100 + 100 —- 76 — 77 -—-7-5 
= 135 ns 


Therefore the DRAM chosen should have a “tRAC” less 
than or equal to 192 ns and a "tCAC” less than or equal to 
135 ns. Standard 150 ns DRAMs meet this criteria. 

VI) iAPX 286 “tRAC” and “tCAC” Calculations 

6 MHz iAPX 286, 12 MHz Clock, No Wait State Calcula- 
tions 
#1) 


“tCAC” 


RASIN low = T1 + 74AS04 gate delay + “B” 
PAL clocked output delay = 83.3 
+ 4.5 + 12 = 100 ns maximum 
RASIN to RAS low = 20 ns maximum 
RASIN to CAS low = 80 ns (DP8419-80 RASIN — 
CAS low) — 3 ns (load of 72 
DRAMs instead of 88 DRAMs 
speced in data sheet) = 77 ns 
maximum (using 15 ns minimum 
row address hold time) 
#4) 74F244 transceiver delay = 7 ns maximum 
#5) CPU data setup time to ‘“T4” = 20 ns minimum 
“tRAC” = T1 + 7T2+ 73+ 74 -— #1 —-— #2 — #4 —-— #5 
83.3 + 83.3 + 83.3 + 83.3 — 100 — 20 —7 — 
20 = 186 ns 
Ti+ 724+ 734 74 -— #1 —-— #3 — #4 — #5 
= 83.3 + 83.3 + 83.3 + 83.3 — 100 — 77 -7 — 
20 = 129 ns 
Therefore the DRAM chosen should have a “tRAC” less 
than or equal to 186 ns and a “‘tCAC” less than or equal to 
129 ns. Standard 150 ns DRAMs meet this criteria. 
7 MHz iAPX 286, 14 MHz Clock, No Wait State Calcula- 
tions 
#1) 


#2) 
#3) 


“CAC” 


RASIN low = T1 + 74AS04 gate delay + “B” 
PAL clocked output delay = 71.4 

+ 4.5 + 12 = 88 ns maximum 

#2) ASIN to RAS low = 20 ns maximum 

#3) RASIN to CAS low = 80 ns (DP8419-80 RASIN — 
CAS low) — 3 ns (load of 72 
DRAMs instead of 88 DRAMs 
speced in data sheet) = 77 ns 
maximum (using 15 ns minimum 
row address hold time) 

#4) 74F244 transceiver delay = 7 ns maximum 

#5) CPU data setup time to “T4”’ = 10 ns minimum 

“tRAC” = T1 4+ 72+ 73+ 74 - #1 —-— #2 —- #4— #5 


= 71.4 + 71.4 + 71.4 + 71.4 — 88 — 20-7 —- 
10 = 160 ns 





“tCAC’ = 71+ 72+ 73+ 74 —- #1 —-— #3 — #4 — #5 


= 71.4 + 71.4 + 71.4 + 71.4 - 88 -—77-7- 
10 = 103 ns 


Therefore the DRAM chosen should have a “tRAC” less 
than or equal to 160 ns and a “tCAC” less than or equal to 
103 ns. Standard 150 ns DRAMs meet this criteria. 


8 MHz iAPX 286, 16 MHz Clock, No Walt State 
Calculations 


#1) | RASIN low = T1 + 74AS04 gate delay + “B” 
PAL clocked output delay = 62.5 


+ 4.5 + 12 = 79 ns maximum 
to RAS low = 20 ns maximum 


o CAS low = 80 ns (DP8419-80 RASIN — 
CAS low) — 3 ns (load of 72 
DRAMs instead of 88 DRAMs 
speced in data sheet) = 77 ns 
maximum (using 15 ns minimum 
row address hold time) 


SERIES 68000 68020 
32000 FAMILY 





68020 
(1 WAIT STATE 


INSERTION) 


#4) 74F244 transceiver delay = 7 ns maximum 
#5) CPU data setup time to “T4” = 10 ns minimum 
“tRAC” = T1 + T2 + 734+ 74 — #1 - #2 — #4 — #5 
= 62.5 + 62.5 + 62.5 + 62.5 — 79 — 20-7 — 
10 = 134 ns 
“tCAC’ = T1+ 7T2+73+ 74 — #1 — #3 —- #4 — #5 
= 62.5 + 62.5 + 62.5 + 625 —-79 - 77-7 — 
10 = 77 ns 


Therefore the DRAM chosen should have a “tRAC” less 
than or equal to 134 ns and a “tCAC” less than or equal to 
77 ns. Standard 120 ns DRAMs meet this criteria. 


100ns DRAM (256Kx1) 
(50ns tCAC) 


120ns DRAM (256Kx1) 
(60ns CAC) 


150ns DRAM (256Kx1) 
(75ns tCAC) 


200ns DRAM (256Kx1) 
(100ns tCAC) 


* FOR THE 150ns 
8088 AND 200ns 

80286 (256Kx1) DRAMS 
80188 THE ACCESS TIME 
IS RAS LIMITED 


8086 


LLO-NV 


TL/F/8595~-3 


FIGURE 3 


Note 1: The data presented in this figure is based on typical examples. Faster ‘no wait state” CPU performance is possible with several of the microprocessors 
shown above via the use of the DP8419-70 instead of the DP8419-80; the elimination of Data Bus Transceivers; a more tailored PAL (Refresh Access Arbitrator) 
approach; faster support logic; lower than the 15 damping resistor specified in the DP8419-80 data sheet; or, less than the specified capacitive load driven 
directly by the DP8419 (88 DRAMs). 





1-103 


AB-1 


DP8408A/09A/17/18/19/ 
28/29 Application Hints 


The DP8408A, DP8409A dynamic RAM controllers have 
been well received by dynamic memory users because they 
perform functions formerly requiring multiple integrated cir- 
cuit chips. These controllers are designed to be suitable for 
a variety of DRAM control methods. As a result of the many 
combinations of ways in which inputs to these chips may be 
varied, it was inevitable that certain conditions exist that 
would cause the DP8408A, DP8409A to respond in an un- 
desirable way. Feedback from customers using these chips 
has resulted in thorough investigations of such conditions. 
The following are constraints on the use of the DRAM con- 
trollers which are not addressed in their data sheets. The 
majority of customers will find that most of the items on this 
list are not pertinent to their particular application, and those 
that are impose minimal restrictions. 


1) The on-chip refresh counter resets when the RFI/O pin 
goes low for a refresh request in mode 5 if this pin is 
excessively loaded with capacitance. The data sheet 
suggests that this pin not be loaded with greater than 
50 pF. Since RFI/O, in most cases, needs only to drive 
a low capacitance in a refresh control circuit, this limit is 
not unreasonable. 


When the DP8408A, DP8409A is in a refresh mode, the 
RFI/O pin indicates that the on-chip refresh counter 
has reached its end-of-count. This end-of-count is se- 
lectable as 127, 255 or 511 (511 is available only on the 
DP8409A) to accommodate 16k, 64k or 256k DRAMS, 
respectively. Although the end-of-count may be chosen 
to be any of these, the counter always counts to 511 
(255 for the DP8408A) before rolling over to zero. 


When going from mode 0, 1 or 2 (refresh) to mode 5 of 
the DP8408A, if CASIN and R/C are both low, a glitch 
occurs on the CAS output. Since neither of these inputs 
is used in these modes, one or both should be held 
high. 

Most DRAMs specify 0 ns row address set-up time to 
RAS. In order to guarantee this, the row address to the 
DP8408A, DP8409A must be valid 10 ns before RASIN 
transitions low to initiate an access. In terms of the data 
sheet parameters, maximum (tapp—tapp_L) = 10 ns. 


When changing modes from refresh to access, again 
sufficient time must be allowed for the row address to 
be valid before RAS occurs. In this case, the address 
outputs of the DP8408A, DP8409A are changing from 
the refresh counter to the row address inputs. In order 
for the row address to be set up a minimum of 0 ns 
before RAS goes low, RASIN should not go low until 30 
ns after the change from refresh to access mode. 


Both the low and high pulse widths of RAS have mini- 
mum requirements during refresh. When in mode 0, the 
RASIN to RAS low delay is longer than the RASIN to 
RAS high delay. In terms of the data sheet parameters, 
maximum (taeppL—tReppH) = 25 ns. Thus, the mini- 
mum low pulse width of RAS in mode 0 equals the 
RASIN low pulse width minus 25 ns. The minimum high 
pulse width of RAS in mode 0 equals the RASIN high 
pulse width. 


The fastest memory access may be accomplished us- 
ing mode 4 and external delay lines (see App. Brief #9). 


National Semiconductor 
Application Brief # 14 
Tim Garverick 

Webster Meier 


8) In the data sheet, it is specified that CS should go low 
30 ns (tcs_R) before RASIN goes low to initiate an ac- 
cess in mode 5. This is to prevent the possibility of a 
glitch on the RAS outputs, resulting from the DP8409A 
interpreting the RASIN as a hidden refresh. For the 
same reason, CS should be held low for a minimum of 
15 ns after RASIN returns high, ending the access in 
mode 5. 


If the DP8409A is being used in mode 5 and CS = 1, 
and if RASIN goes low within 15 ns before RFCK (R/C) 
goes low, up to a 15 ns glitch may occur on the refresh 
request pin, RFI/O. However, since CS is high, a hidden 
refresh will occur as it normally would with RFCK high. If 
the glitch on RFI/O were detected and interpreted as a 
forced refresh request, no forced refresh would be al- 
lowed by the DP8409A since a hidden refresh was al- 
lowed. This would not cause any problem, however, 
since the hidden refresh has taken care of the refresh 
requirement for that period of RFCK. Also, this forced 
refresh request could not be detected if the system 
does not check RFI/O for a low state while RASIN is 
low (i.e., an access is taking place). 


10) At CPU clock frequencies of 10 MHz and above it is 
suggested that the hidden refresh capability of the 
DRAM controller (DP8409/17/19/29) be disabled. The 
main reason for this suggestion is to satisfy the parame- 
ter “taxRL” (RFCK high to RASIN low for hidden re- 
fresh) which is given as a minimum of 50 ns in the 
DP8417/19/29 data sheets. Disabling hidden refresh 
also eliminates the need of meeting the parameter of 
—“tosri1” (CS low to access RASIN low using Mode 5 
with hidden refresh capability) which is given as a mini- 
mum of 34 ns in the DP8417/19/29 data sheets. In 
order to eliminate hidden refresh the “CS” pin of the 
DRAM controller should be permanently grounded on 
the DRAM controller, and the “CS” that previously went 
to the DRAM controller should be “ORed” with 
“RASIN” (the “OR” gate’s output becoming the new 
“RASIN” input to the DRAM controller). 


11) If the user desires to improve the DRAM controller 
“RASIN to RAS out” time (“tRPDL”) external logic may 
be used to create multiple “RASs”. The circuit shown 
below requires only several 74XX oxide isolated type 
IC’s (74AS27 and 74AS04) to accomplish this aim. 


7AAS27 74AS04 


RAS2 
TL/F/5033-1 
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DP8408A/9A 
Fastest DRAM Access 
Mode 


If one desires the fastest possible operation of the 
DP8408A/9A multi-mode dynamic RAM controller/driver in 
accessing DRAMs, mode 4, externally controlled access 
mode should be considered. 
In using mode 4 there are three input signals which must be 
considered: 
1) RASIN—generates RAS 
2) R/C—switches between rows and columns on the ad- 
dress outputs 
3) CASIN—generates CAS 
In producing these signals a delay will be needed between 
RASIN and R/C and between R/C and CASIN. (Note: In 
mode 4 external generation of CASIN can produce CAS 
faster than automatic generation of CAS.) 
Two important parameters have been added to the 
DP8408A/9A data sheets that help one compute the mini- 
mum acceptable delays between the above-mentioned sig- 
nals. These parameters are: 
1) toie1 = MAXIMUM (trppi - taHa) = 13 ns 
where tapp. = RASIN to RAS delay 
tRHA = row address held from column select 
2) tpi¢2 = MAXIMUM (taco — tcppL) = 13 ns 
where tacc = column select to column address 
valid 
tcppL = CASIN to CAS delay 
These parameters are specified as being less than what 
would be calculated using the min/max values given for 
trcc, tcpoL. tRppL and taHa in the DP8408A/9A specifica- 
tion sheets, because on-chip delays track over temperature 
and supply variations. 
The equation for the delay between RASIN and R/C that 
guarantees the specified DRAM tran is: 
min delay required = toiF1 + tRaH 
= 13ns + tray 
where tray = DRAM minimum row address 


hold time from RAS 
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The equation for the delay between R/C and CASIN that 
guarantees the specified DRAM tagc is: 

min delay required = tpi-2 +tasc 

= 13ns + tasc 
where tagc = DRAM minimum column address 
set-up time to CAS 

To produce the above-mentioned delays between signals, a 
+2 ns resolution delay line can be used as follows: 

(assuming traH = 20 ns, tasc = Ons) 

RASIN to R/C delay = 13 ns + 20ns 
= 33 ns 

13 ns + Ons 
= 13ns 
Thus, R/C must follow RASIN by a minimum of 33 ns and 
CASIN must follow R/C by a minimum of 13 ns. With a delay 
line of + 2 ns resolution, the RASIN to R/C and R/C to 
CASIN delays can be typicals of 35 ns and 15 ns, respec- 
tively. (See Figures 7 and 2.) 
This scheme will provide a maximum RASIN to CAS delay 
of: 

35 ns + 15ns + 2ns (resolution uncertainty) 

+ MAXIMUM (tcpp_) = 52 ns + MAXIMUM (tcppL) 

For the DP8408/9-2, MAXIMUM (tcpp_) = 58 ns. 
For the DP8408A/9A (no dash), MAXIMUM (tcpp_) = 68 ns 
(not 58 ns as indicated in data sheets up to November 
1982). 
The fastest mode 4 accesses (with the assumed delay line 
and DRAM parameters) are therefore, 110 ns and 120 ns, 
respectively, for the -2 and non-dash parts. 
The maximum RASIN to CAS delay (tric.) in mode 5 (auto 
mode) for the DP8408/9-2 (which guarantees a min tray of 
20 ns) is 1380 ns. The maximum tricL in mode 5 for the 
DP8408A/9A (no dash) is 160 ns. 
Thus, it is shown that if the features offered by the 
DP8408A/9A automatic modes can be sacrificed, mode 4 
(externally controlled access) may be used to obtain the 
fastest memory access. 


R/C to CASIN delay 
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FIGURE 1. Mode 4 Timing Relationships Teas 


FIGURE 2. Mode 4 Externally Generated Signals 
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A family of single-chip dynamic RAM controllers provides the access-timing 
and refreshing capability for any chip made, or projected. 


Single-chip controllers cover 
all RAMs from 16-k to 256-k 


While the high performance and low cost of MOS 
dynamic RAMs make them the most widely used 
digital semiconductor devices, operating them is 
more difficult than most other memory chips. De- 
mands are growing for both the automatic sequenc- 
ing of RAM-access timing and the automatic control 
of refreshing. National Semiconductor’s response is 
the DP8400 family of memory-interface circuits. The 
first two members, the DP8408 and the DP8409, are 
powerful single-chip dynamic-RAM controllers 
housed in 48-pin dual-in-line packages and, more 
important, designed to drive the entire range of 
dynamic RAMs. 

The DP8408’s eight address outputs drive all cur- 
rent 16-k and 64-k dynamic RAMs. The DP8409, with 
nine address outputs, not only handles the same 
RAMs as the 8408, but can control the coming 
generation of 256-k memory chips. Both devices are 
pin-compatible, which means a system designed with 
the DP8408 to control 64-k chips can be directly 
upgraded to the DP8409 when 256-k RAMs appear 
on the market. Another benefit for designers is 
alternate-sourcing—the first DP8400 devices are 
available from Monolithic Memories(Sunnyvale, CA). 

The DP8408, a subset of the DP8409, fits into 
applications that do not require automatic 
refreshing. But it does have automatic access modes. 
The DP8409 is designed for any type of dynamic 
RAM system, from small microprocessor-based 
systems to large memory boards. An automatic- 
accessing mode makes it desirable in mainframes, 
since it reduces skew time to that of just one chip, 
while offering tracking of the RAM input controls. 
This faster accessing permits the use of slower 
RAMs. With 64-k RAMs, for example, the cost 
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savings between 200-ns and 150-ns devices is signifi- 
cant when large quantities are involved. 
Microprocessor users will prefer the DP8409 to 
other controllers because a single chip performs all 
the basic automatic access sequencing and automatic 
refreshing control. (If desired, external refreshing 
can be used with either controller.) Fast automatic 
accessing eliminates the need for the wait states that 
are normally required in faster microprocessors. 
Automatic refreshing eliminates complicated re- 
fresh-arbitration control circuitry while offering a 


Row-address 
a 
Column address ——— 


+ input latch 


/ 9 
ce ect | 
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1. With a 9-bit output bus sultable for interfacing with the 
largest dynamic RAMs (256 k), National Semiconductor's 
DP8409 RAM controller drives every RAM available. Features 
Include automatic accessing, automatic refreshing, andhigh- 
impedance outputs when not selected. An 8-bit version, the 
OP 8408, operates with RAMs up to 64 kbits, andis used in 
applications that do not require automatic refreshing. 
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hidden refresh feature to increase the system 
throughput. The DP8409 offers full control, includ- 
ing byte writing, of the 68000, 8086, and Z8000 
microprocessors, and National Semiconductor’s new 
16032 16-bit microprocessor. 

Controlling a dynamic RAM is no simple task (see 
“Dynamic RAM Operation—from RAS to CAS”), 
Three timing delays are required for an access, and 
refreshing must be performed continually. With the 
arrival of powerful 16-bit processors and their large, 
direct memories, a single-chip controller becomes 
necessary for efficient system design. Propagation 
timing delays through the controller must be in the 
tens of nanoseconds to minimize total access time. 
Moreover, to eliminate the propagation delays 
caused by additional memory drivers, a controller 
should be capable of directly driving a large number 
of RAMs. The controller must also reduce component 
cost and conserve PC-board area. 

To fulfill these requirements, the DP8408 and 8409 
are fabricated in bipolar technology rather than 
MOS. LSI capability exists in bipolar technology, and 
bipolar dynamic-RAM controllers are already 
available. Two such controllers, Intel’s 8202 and 
AMD’s 2964 (AMZ8164), represented early attempts 
to bring timing delays under system control. 

In the Intel device, the clock is independent of the 


Address port 


Address 
strobe 


Microprocessor 


CK 


READY 
DTACK 


Data bus 


access-request signal, causing excessive synchroniz- 
ing delays before the appearance of the output 
signals. This leads to long system access times, and 
for most 16-bit microprocessors requires the inser- 
tion of wait states. The AMD controller is an address 
multiplexer with an on-board refresh counter and 
bank selection for up to four banks of RAMs. While 
this device drives a small number of RAMs, AMD 
offers octal memory drivers that can be placed 
between the 2964 and the RAMs. Delays become 
progressively longer as timing signals proceed 
through the delay timer, the 2964, and the additional 
drivers. And external components are needed to 
initiate timing delays. Quite simply, the DP8408 and 
DP8409 go well beyond the access-time and func- 
tional capabilities of the 8202 and 2964, 


On board the RAM controllers 


A functional block diagram of the DP8409 is shown 
in Fig. 1. The DP8408 is similar, except for its 8- 
bit-wide multiplexed address-bus and the fact that 
its R/C and CASIN inputs do not provide dual func- 
tions asRFCK andRGCK inputs, as they do in the 8409. 

The multiplexed address outputs of both con- 
trollers can be selected from the row or column input 
latches, or from the refresh counter. A high level 
on input signal ADS enables input row-addresses, Ro 


For 256 k dynamic RAMS 


mynd 
a 
d 
i 
al 
B 
i 


wi 
A 16 k, 


Necessary If byte writing 
(Replaces CAS from DP8409) 


2. The Interface of the DP8409 RAM controller to a 16-bit microprocessor looks ahead to the 
day when 256-kbit dynamic RAMs are available. By designing-in the controller now, no 
modifications to printed-circult boards willbe necessary when 256-k devices are developed. 
Simply exchanging controller chips will allow the memory-contro! capabillty of a 


microprocessor to Increase by four times. 
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through Re, input column-addresses Co through Cg, 
and bank-select inputs Bo and B, into their respective 
input latches. ADS also latches these signals on its 
low-going edge. In a normal RAM access, Bo and B, 
are decoded to determine which bank is selected. By 
enabling one of the four RAS outputs (when RASIN 
goes low), the contents of the row-address latch are 
strobed into the selected RAMs. 

Now the control logic causes the row addresses to 
be replaced with the column addresses, andCAS goes 
low as determined by the control logic. This causes 
the contents of the column-address latch to be 
strobed into the selected RAMs. 

On a write cycle, WE must be low as CAS goes low; 
on aread cycle, WE must be high. For a read-modify- 
write cycle, WE must go low some time after CAS— 
this is specified in RAM data sheets. To simplify 
control, WE follows WIN unconditionally 20 ns later, 
typically. Three mode pins—Mo, Mi, and M2 (M;z is 
refresh mode)—offer externally selected operating 
modes. For example, mode 5—automatic access— 
identified by code 101, can be changed to mode 1— 
forced refresh—identified by code 100, when Mz is 
driven low. These modes include automatic and 
external control of accesses, and various refreshing 
modes. 

Input pin CS selects or deselects the controller to 
allow for multiaddressing of memory. For accesses, 
CS is normally low, but to access a second DP8409 
sharing the same memory, CS of the first 8409 must 
go high. This puts the three-state address outputs 
in a high-impedance high-state through an external 
5-kQ. pull-up resistor, and sets the control signals to 
a high impedance to prevent them from drifting low; 
a low level can result in a false access. Switching 
between chips takes about 30 ns, providing fast 
multiaddressing. Refreshing must be performed us- 
ing only one chip. As CS goes high in mode 5, 
deselection is overridden and, provided RFCK is 
already high, hidden refreshing can occur. 

Input/output pin RF I/O can be used to clear the 
refresh counter when it has been set low by an 
external open-collector gate. It also sends out an end- 
of-count signal—a low level—when the refresh 
counter has filled (counts are selectable to 127, 255, 
or 511). This is a useful feature for burst refreshing. 
In the automatic-refresh mode, RF 1/0 becomes the 
signal Refresh Request. 


No problems with capacitive loads 


One important asset of the DP8408 and 8409 is their 
ability to drive high-capacitance loads. RAM inputs 
are generally specified as having a maximum input 
capacitance of 10 pF/pin, but in large RAM systems, 
the worst-case input capacitance is usually on the 
order of 2.5 pF per input. However, one or two devices 


Dynamic RAM data out 


3. The DP8408/8409's automatic-accessing capability uses 
on-chip delay paths to provide faster access while saving on 
external delay-timing circultry. On-chip Schottky Inverters 
track extremely well with temperature and voltage, keeping 
access-times stable. 


in a system can go up to 10 pF, especially at high 
temperature. On the other hand, RAM input currents 
carry specifications of around 10 »A maximum, but 
actual input currents seldom exceed 3 uA per input 
in large systems. Of the two parameters— 
capacitance and input current—high capacitance 
always causes more system problems. 

In addition toa RAM’s input capacitance, designers 
must consider the capacitance of the PC-board 
traces. The value of capacitance depends on trace 
length, nearness to other traces, board thickness, etc. 
Generally, this amounts to about 3.2 pF per input, 
giving a total worst-case input capacitance of 5.7 
pF/input. 

The output stages of the DP8408/8409 can drive 
up to 88 RAMs, or 500 pF of capacitive loading. 
Looking at it another way, the controllers can drive 
four banks each of 16-data bits plus 6 associated 
check bits for error correction; two banks of 32 data 
bits with 7 check bits; one bank of 64 data bits with 
8 check bits; or any smaller combination. Output rise 
and fall times are proportional to the capacitive 
loading, and more than 500 pF increases transition 
time. Similarly, less than 500 pF decreases propaga- 
tion delays. 

The output-driver stages of the DP8409/8409 are 
matched. Each stage has symmetrical high and low 
drive capability, which require that the high and low 
on-resistances be the same. High output currents are 
needed to quickly charge or discharge the effective 
RAM load capacitance on each output. In most 
applications, a series damping resistor is required 
between each output and the RAM to minimize 
undershoot. Undershoot occurs at RAM inputs hav- 
ing both inductive board traces and high capacitive 
loads on high-to-low transitions. 
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The value of the series damping resistor depends 
heavily on the board layout. Address lines usually 
use a value different from control lines, but both are 
functions of layout and input loading. The resistor 
is almost tuned to a specific board since too high a 
value yields an excessively slow edge, while too low 
a value does not remove the undershoot. In any case, 
damping-resistor values vary from 15 to 100 Q. 


Control over all RAMs 


The DP8408 and 8409 are designed to control all 
multiplexed-address dynamic RAMs. The DP8408, 
with eight multiplexed address outputs and an 8-bit 
refresh counter, controls 16-k dynamic RAMs (+5 
V or three-power-supply types) and both configura- 
tions of 64-k RAMs (128 rows by 512 columns or 256 
rows by 256 columns). Memory users can specify 
either of the two 64-k RAM configurations provided 
the refresh counter on the DP8408 is used. This 
replaces on-the-RAM refresh counters offered by 
some RAM manufacturers. 

The DP8409’s nine address pins and 9-bit refresh 
counter allow it to control 16-k, 64-k, and 256-k 
RAMs. Designers can take advantage of the 8409’s 
256-k capability by building current memory boards 
using the device. No modifications will be needed 
when the 256-k RAMs are available. By simply 
providing for two new input address lines and 
connecting Q; (the ninth multiplexed address output) 
to As (pin 1) of the RAMs, the memory size can be 
inereased instantly by a factor of four. Figure 2 
shows how the connections are made. 

Automatic accessing capability is provided by the 
8408 and 8409 using on-chip delay paths to generate 
the correct timing sequence (Fig. 3). These delays 
are initiated from only one input signal, RASIN. This 
generates all the access-sequencing required by most 
RAMs. Automatic accessing operates in the follow- 
ing manner: First, RASIN is used to generate the 
selected RAS output as decoded from bank-select 
signals B, and Bo. RASIN is also fed to the first series 
of Schottky inverters to produce the necessary delay 
before rows can be switched to columns. This guaran- 
tees exceeding the row-address hold time (tray) of 
most RAMs. For 64-k RAMs, tray varies from 20 
to 25 ns, so the minimum specification for the 8408 
and 8409, 30 ns, is on the safe side. If the address 
outputs are driving 500-pF loads, switching from row 
addresses to valid column addresses takes 10 ns. The 
second series of inverters setCAS low 12 ns (typically) 
after the columns are valid. 

The inverters track with temperature and Vcc, as 
do the output driver stages. Tracking of the output 
paths holds over the specified temperature and Voc 
ranges. Since Schottky-logic parameters do not vary 
significantly with temperature or Voc, the absolute 


times are not affected by more than 25% over the 
0 to 70°C range. At the end of an access-cycle, RASIN 
goes high and the sequence repeats at a higher speed 
to terminate the cycle. 

An automatic-access mode offers two important 
advantages: First, there is no need for external 
timing delay circuitry—this saves cost, memory- 
board area, and the timing skews that external 
circuitry introduces. Second, this sequence is much 
faster than a clocked sequencing approach—that is, 
the delay from RASIN input to CAS output is much 
shorter. Benefits include a faster system access time, 
the possibility of eliminating a wait state in a 
microprocessor memory-access cycle, or the ability 
to choose slower RAMs (a lower-cost solution) 
without affecting access time. And since both chips 
need no external memory drivers, the timing skews 
are confined to just one chip. 

If automatic timing is not desired, another mode 
allows all timing to be under the control of the 
relevant external control signals. RASIN initiates the 
selected RAS output, R/C selects either the row or 
column address, and CASIN controls CAS. 


Refreshing comes in many forms 


The DP8408 performs refresh operations only un- 
der external control. The microprocessor system 
decides when a refresh is needed by setting M2 
(REFRESH) low to place the refresh counter contents 
on the address outputs. Then the system sets RASIN 
low to allow all four RAS outputs to low-stroke the 
refresh address into the rows of all four banks of 
RAMs.CAS is inhibited, preventing a false write, and 
the RAM data outputs remain in a high-impedance 
state. 

A refresh cycle ends when RASIN goes high and the 
refresh counter increments, ready for the next 
refresh cycle. Most RAMs require that all 128 rows 
be refreshed in 2 ms, or 256 rows in 4 ms. This can 
be accomplished by either guaranteeing a refresh on 
one row every 16 us, or performing a burst refresh 
of 128 rows at the start of each 2-ms period, until 
RFI/O indicates end-of-count. Most system designers 
prefer one refresh every 16 ys. But this can involve 
inhibiting normal memory accessing, and requires 
refresh arbitration. 

The end-of-count indication on RF I/O can be set 
under external system control to either 127 or 255 
for burst-refresh applications. Actually, the internal 
address counter still counts to its maximum value, 
independent of the end-of-count value—the RF 1/0 
value is a result of counter decode and does not reset 
the counter. This simplifies the RAM interface since 
the higher-order address bit-count is ignored by 
RAMs with 128 rows. 

In addition to providing the external-control 
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refresh mode of the 8408, the 8409 performs hidden 
refreshing in one of the automatic-access modes. To 
attain maximum throughput, it is obviously advan- 
tageous to perform refreshes without interrupting 
the system. The DP8409 can do this by monitoring 
the CS input to see if it is high. If CS is high, the 
RAMs are not being accessed. If CS is high for one 
cycle, the 8409 performs a hidden refresh during this 
cycle, and stops in time for the system to start 
another access. But if a hidden refresh does not occur 


in a specific 16-us time slot, arefresh must be forced, 
possibly by stopping the system. 

To perform auto-refreshing, the DP8409 must 
receive two clock signals: the 16-us refresh-period 
clock, RFCK, and RGCK, the RAS-generator clock; RGCK 
can be the microprocessor clock. To keep the number 
of pins at 48, RFCK and RGCK share pins with other 
signals. In the automatic-access mode (mode 5), 
neither R/C nor CASIN are used, so these duplicate 


as RFCK and RGCK in modes 1 and 5. To stop the 


Dynamic RAM operation—from RAS to CAS 


The operation of a dynamic 
RAM (see figure) is, in a word, 
complex: Not only do its multi- 
plexed address inputs require de- 
layed timing signals, but it must 
be refreshed continually. 

During an access to a RAM, the 
first step requires that a row ad- 
dress be presented to the multi- 
plexed address inputs. As the row- 
address signal (RAS) goes low, the 
address is latched into the row 
latch, and decoded to the memory 
array. There, the outputs from the 
selected row are presented to the 
sense amplifiers. Row addresses 
must be held on the address inputs 
for a predetermined time—tparr, 
or row-address hold-time—after 
RAS switches low. 

At this time, the row address 
can be replaced by a column-ad- 
dress. When a column address is 
valid, the column-address strobe 
(CAS) goes low to latch the address 
into the column latch. Column- 
addresses are decoded to allow a 
selected sense amplifier to send 
data to the output data-latch (dur- 
ing a read cycle). In a write cycle, 
with the Write Enable signal 
(WE) already low, a low-going CAS 


Multiplexed 
address 


w latch 
+ decoder 


a 
Column latch 
+ decoder 


signal causes the selected cell to be 
set to the value at the data input. 
The RAM block diagram shows 
the chip’s operation, including the 
internal gating of the control 
signals. One key feature is that 
RAS internally controls CAS. Thus, 
if RAS is already low when CASgoes 
low, a normal read or write cycle 
follows, and the chip consumes its 
full operating current. On the 
other hand, if CAS goes low while 
RAS is high, CAS INT is inhibited 
along with RAS, and the RAM con- 
sumes only the current required 
for standby. In this case, the chip 
is deactivated. Similarly, WE INTis 
controlled by both RAS and CAS 
This simplifies bank selection 
by using different RAS outputs to 
select the banks, CAS and WE can 
be common to all the RAM-banks, 
along with the multiplexed ad- 
dressing. For example, in a four- 
bank system, only one RAS goes 
low in any access-cycle. This ac- 
tivates all the RAMs in a selected 
bank, but does not activate RAMs 
in the other three banks. These 
latter RAMs remain in the 
standby mode. The common data 
bus accesses only the selected 
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bank, whether reading or writing. 

Besides a complex sequencing 
arrangement, dynamic RAMs 
must be refreshed to prevent the 
capacitor in each cell from losing 
its charge, which represents in- 
formation. If any row is not ac- 
cessed for too long a period of time 
—the refresh period—capacitors 
will discharge, causing the voltage 
to drop below the sense-amplifier 
threshold. Then, when the row is 
finally accessed, its outputs will 
appear as all zeros or all ones, 
depending on which side of the 
sense amplifier is accessed. 

Most RAMs have 2-ms mini- 
mum refresh times, but 64-k 
dynamic RAMs are typically much 
higher. When accessing a row for 
refresh, RAS is needed for a strobe, 
but CAS is not necessary. The 
simplest approach to refreshing is 
to access a refresh counter that 
increments at the end of each 
refresh RAS. For some RAMs, 128 
rows must be refreshed in 2 ms, 
while others require refreshing 
256 rows in 4 ms. With distributed 
refreshing, one row must be 
refreshed every 16 us for proper 
operation. 


RE [> [el contaraon 


128 X 128 
128 X 512 
256 X 256 
256 X 1024 
512 X 512 








system, the DP8409 gives preference to hidden 
refreshing using RFCK as a level reference. The 16- 
ps cycle commences asRFCK goes high; ifCS goes high 
while RFCK is high, the refresh counter is enabled 
on the address outputs, overriding the internal three- 
state signals (Fig. 4a). All four RAS outputs follow 
RASIN, so to perform a refresh, RASIN must be set 
low. In smaller systems, RASIN is set low every time 
a microprocessor performs a read or write cycle. 
Each time the processor accesses something other 
than RAM—a peripheral or ROM or another memory 
segment—a hidden refresh is performed. 

The DP8409 detects that CS is high when the 
processor accesses another section of the system and 
places the present state of the refresh counter 
outputs on the multiplexed address bus to memory. 
When the Read or Write output of the 
microprocessor is activated, RASIN follows. This 
causes all fourRAS outputs to low-strobe the refresh 
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4. Automatic refreshing canbe performed In three different 
ways with the DP8409 controller. Ahidden refresh (a) occurs 
while the microprocessor is reading or writing elsewhere In 
the system. Although undesirable, forced refreshing (b) can 
be performed by stopping the microprocessor. A better 
technique for forced refreshing (c) is to insert walt states Into 
the processor timingcycle. 
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address into the RAMs. When the cycle ends, RASIN 
ends, forcing the four RAS outputs back to their 
inactive states. This ends the hidden refresh. 

At this time, the refresh counter increments, and 
another microprocessor cycle can begin immediately. 
This cycle can be a memory access; therefore, the 
previous refresh cycle has been completely hidden 
from the microprocessor. The DP8409 allows only 
one such hidden refresh cycle to occur within a clock 
cycle of RFCK to minimize power dissipation. 

If a hidden refresh does not occur, the DP8409 must 
force a refresh before RFCK begins a new cycle on 
a low-to-high transition. Therefore, as RFCK goes low 
(and a hidden refresh has not occurred), RF 1/0 
(Refresh Request) goes low requesting that a refresh 
be performed. When the system acknowledges the 
request, it sets M2 (refresh) low, and prevents further 
accesses to the DP8409. The 8409 then sends out the 
refresh-counter contents and interrogates RGCK—in 
most applications, RGCK is 100 to 150 ns. The 8409 
waits one full cycle of RGCK before setting all four 
RAS outputs low. This guarantees that the minimum 
RAS precharge time of the RAMs is exceeded. Then 
RF 1/0 goes high, allowing the system to recognize 
that holding is about to end. Most microprocessors 
allow enough time so that as refresh finishes, they 
are almost ready to begin again. The RAS outputs 
remain low for the next two clock periods to exceed 
the minimum tras time for refreshing—200 ns is 
about the right time. When all RAS outputs go high, 
the refresh counter increments. 

A minimum component-count solution to forced 
refreshing is to connect RF I/O to the Hold or Bus- 
Request input of a microprocessor, and the Hold 
Acknowledge or Bus Grant output to M2 (Fig. 4b). 
For some microprocessors, it may be preferable to 
continue operation without going into hold, and with 
additional circuitry, the approach can be easily 
implemented as shown in Fig. 4c. Using this tech- 
nique of forced refreshing, the control circuit 
monitors the refresh-request output. When this 
output switches low, the control circuit waits for a 
new microprocessor cycle to begin. If the next cycle 
is for the segment of memory controlled by the 
DP8409, CS and the control circuitry will be set low. 
The control circuitry issues a Wait signal to the 
microprocessor, which is removed when refreshing 
has ended. If CS is set high, the refresh cycle begins 
and ends without affecting other system cycles. In 
effect, this is still a hidden refresh.O 
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Dynamic RAM controller 
pushes system speed 
to 10 MHz—and beyond 


A highly integrated controller chip makes an ideal 
replacement for discrete equivalents, sacrificing 
neither system speed nor dynamic RAM access time. 


integration level of today’s controller 

chips greatly simplifies their jobs. Take 
dynamic RAM controllers, which now incorpo- 
rate refresh counters, output buffers, and row 
and column multiplexing circuitry. Today’s 
high-performance microprocessor-based sys- 
tems, however, exceed the 8-MHz maximum 
operating rate of present controllers. So a new 
controller chip surmounts that, running at 
10 MHz or more without imposing wait states. 
Cost-conscious system designers can take ad- 
vantage of the improved RAM controller by us- 
ing slower, cheaper dynamic RAMs in their 
systems without sacrificing performance. 

A second-generation dynamic RAM control- 
ler, the DP8419 can directly replace its predeces- 
sor, the DP8409, in most systems. Its higher 
speed is due to unusual delay line circuitry and 


F:: system designers would deny that the 
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to the bipolar oxide isolation process called ad- 
vanced low-power Schottky. Moreover, its on- 
chip circuitry multiplexes addresses, generates 
control signal timing, and directly accesses up to 
2 Mbytes of RAM. An extremely versatile chip, 
it interfaces with most popular microproces- 
sors, and the addition of an error detection and 
correction chip (the DP8400-2) enhances the 
RAM system’s data integrity. 

Like the earlier chip, the controller has all the 
dynamic RAM functions necessary to minimize 
skewing on its outputs. Built-in drivers are 
specified at 500 pF when driving 88 dynamic 
RAMs, and all ac and de characteristics are 
guaranteed over the full range of operating tem- 
perature and supply voltage. 

The chip’s nine address drivers enable it to di- 
rectly drive 16-kbit, 64-kbit, and the newer 
256-kbit dynamic RAMs (Fig. 1). Its address, 
Row and Column Address Strobe, and Write 
Enable lines all are specified for driving the 
equivalent capacitance of 88 dynamic RAMs, 
including pe board traces. With 256-kbit memo- 
ries, that translates into 2 Mbytes of ad- 
dressable data, plus the check bits for error 
correction. 

Row and column address latches prove valua- 
ble for microprocessor systems that multiplex 
their address and data lines. They may operate 
in a fall-through mode when the address infor- 
mation remains valid throughout the memory 
access cycle. The chip’s refresh counter, which 
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keeps track of the next row to be refreshed, is 
multiplexed with the row and column address 
latches, feeding input to the address drivers. 

The internal delay line generates the critical 
access timing signals required by dynamic 
RAMs. By adjusting one pin, it is possible to op- 
timize timing for the speed of the memory. 

Functionally, the controller chip is a subset of 
the DP8409, giving up half the latter’s operating 
modes in favor of greater speed. Nevertheless, 
the four remaining modes are the most common, 
allowing the chip to replace the earlier one in 
most applications. Only two pins now select the 
controller’s operating modes; the extra pin sets 
the system for fast or slow RAMs. Otherwise, 
the pinouts of the two chips are compatible. 

The controller has two memory access modes, 
automatic or external. In the first case, its own 
delay line generates all control timing. In the 
latter, an external delay line is required, but al- 
lows the Column Address Strobe signal (CAS) 
to be toggled without affecting the Row Address 
Strobe (RAS). The external mode is important 
for high-speed nibble and page accessing 
schemes, in which multiple columns can be 
accessed within the enabled row without gener- 


ating RAS signals between accesses. 

The controller also has two refresh modes. 
When it is in the external mode, the user deter- 
mines when refreshing is necessary and sets up 
burst refreshes as desired. In the automatic 
mode, the chip requests refreshing and also per- 
forms “hidden” refreshing—that is, refreshing 
that is transparent to the microprocessor. 


Minimizing delay variations 


The time it takes to get data from dynamic 
RAM depends not only on the memory’s access 
time but also on the control function. Often that 
function accounts for more of the total memory 
access time than the memory itself. 

In the case of the DP8419 controller, its 
RASIN input initiates a memory access; the chip 
responds with its RAS, CAS, and row and col- 
umn addresses. RAS latches the row address, 
CAS the column one. During a read access, data 
from RAM is valid some time after CAS. 

The timing has several components (Fig. 2): 
tran, representing the time that the row address 
must remain valid on the memory address in- 
puts after RAS has been issued; tasc, the time 
that the column address must be set up (valid) 

High-capacitive 
drive outputs 


>! Bank selection 
input latch 


=o 
af 


Control logic 


Pde . 


1. Row and column address latches are built into the DP8419 dynamic RAM con- 


troller, to meet the needs of microprocessor-based systems that multiplex their 
data and address lines. The refresh counter keeps track of the next row being re- 
freshed, and a novel addition to any RAM controller, an internal delay line (not 
shown here), generates the critical access timing on chip. 
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on the inputs before CAS occurs; and trict, the 
total delay between when the controller receives 
RASIN and the time it issues CAS. 

A dynamic RAM controller’s worst-case trict 
depends on how well the delay elements— 
typically a string of inverters or a resistor and a 
capacitor—control tray and t asc. The delay 
varies according to voltage supply, temperature, 
and process variations. But in the DP8419, the 
novel delay circuit nearly eliminates voltage 
supply and temperature dependencies and signi- 
ficantly reduces process variation effects. The 
result is an extremely tight RAS-to-CAS delay 
specification. Tests indicate a typical variation 
of only +3nsovera +10% supply voltage range 
and operating temperature range of 0° to 70°C. 

Besides the delay line, the chip features fast 
propagation times in all of its critical delay 
paths, thanks largely to the ALS fabrication 
process. Compared with conventional junction- 
isolated processes, this oxide-isolated process 
produces much lower parasitic capacitances. 
Gates, therefore, inherently switch much faster. 

With its built-in delay line and address and 
control drivers, the chip reaches a performance 
level previously attained only with discrete solu- 
tions. Moreover, the access-refresh arbiter has 


Row : Column 
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tran = row address hold time 


tasc = column address setup time 


trace = RASIN-to-CAS low delay 


2. In building a system around dynamic RAMs, de- 
signers must focus on the times that the row and 
column addresses must remain valid, tray and tasc, 
respectively. The total delay of the memory control- 
ler chip can be defined as trict, the delay from 
RASIN to CAS. 





purposely not been incorporated in the chip, 
making it a prime candidate for optimization by 
the system designer for any microprocessor. 
The chip’s advantages over a discrete design 
are dramatically demonstrated when calcu- 
lating the worst-case tric, for a discrete system 
that controls 72 dynamic RAMs. Typically, taps 
on the discrete controller’s delay lines control 
and adjust the delay in 10-ns increments. But 
choosing the optimum delay tap with confidence 
is a difficult task, and designers should prepare 
themselves by developing a table of the worst- 
case conditions for several critical delay paths 
and then checking to make sure that the RAMs’ 
minimum tran and tasc specifications are met. 


Discrete versus chip 


For the discrete system, the third tap on the 
delay line should guarantee an acceptable tasc, 
while the fifth tap usually satisfies the min- 
imum tray requirement. Using exactly those 
taps ona +8-ns delay line with octal high- 
capacitive drives, the maximum tric, comes out 
as 53 ns for the delay line plus 35 ns for the 
drives, for a total of 88 ns. 

The controller chip meets exactly the same 
timing requirements, but with a maximum trict 
of only 77 ns. In addition, it dissipates less than a 
quarter the power of the equivalent discrete 
controller (1.1 W maximum vs 4.7 W maximum). 

The system benefits of the controller chip 
stretch beyond the delay timing. In one applica- 
tion, the chip, operating in its automatic memo- 
ry and refresh modes, teams up with a PAL de- 
vice (Fig. 3). Transceivers are part of the system, 
isolating the data pins of the dynamic RAM 
from the CPU data bus. Divider circuitry sup- 
plies the controller with one refresh clock signal 
(RFSH CLK) per period, enough to refresh the 
RAM properly. 

The logic array primarily arbitrates between 
the refresh and access cycles. It initiates read or 
write access cycles by monitoring the Address 
Strobe signal (ADS) and the R/W input from 
the CPU (Fig. 4). When it determines that an ac- 
cess is beginning, it produces RASIN, initiating 
the RAM access. Ina write cycle, the logic device 
generates that signal later than it does in a read 
cycle, guaranteeing that data is valid before 
CAS goes low. 

Through the Wait input to the CPU, wait 
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states can be inserted into the access cycles, al- 
lowing the CPU to access the memory over more 
than the minimum number of system clock peri- 
ods (T states) per cycle. For example, if the CPU 
samples its Wait input during T, and Wait is 
low, then extra clock periods are added to the ac- 
cess cycle until the sampled signal goes high. 

The controller produces the Refresh Request 
signal (RFRQ) when the divider’s RFSH CLK 
signal goes low and no hidden refreshing has 
taken place while RFSH CLK was high (Fig. 5). 
The logic device responds to RFRQ by immedi- 
ately forcing the controller into its automatic 
refresh mode, unless, of course, the RAM is be- 
ing accessed at the time. In that case, the PAL 
waits for the access to end before putting the 
controller into its refresh mode. Similarly, when 
the CPU requests a memory read cycle during a 
forced refresh cycle, the logic array senses the 
access request. In response, it inserts wait states 
until the refresh has ended and the RAM’s RAS 
precharge specification has been met. 

The performance of the system depends not 
only on the logic array and the controller chip 


but also on the speed of the dynamic RAMs. The 
memories’ access time from CAS (tcac) and ac- 
cess time from RAS (trac) indicate how quickly 
the memory can be accessed. Unfortunately, dy- 
namic RAMs are commonly classified only by 
trac, even though tcac is often the more critical 
parameter. To further complicate matters, both 
types of access times vary from supplier to sup- 
plier. For instance, a memory with a trac of 
150 ns may have a tcac ranging from 75 to 100 ns. 

The controller chip determines which of these 
two items is relevant in determining the actual 
access time in a system. If the controller’s 
RAS-to-CAS delay renders trac greater than 
the RAS-to-CAS delay plus tcac, then trac 
determines access time. Otherwise, tcac is used. 
For 150-ns dynamic RAMs with a tcac of 100 ns, 
the RAS-to-CAS delay must be less than 50 ns in 
order for trac to be relevant. 

The table on page 212 shows the maximum 
tcac allowable for the dynamic RAM if it is to 
work with the controller chip without inflicting 
wait states on various microprocessors. It can be 
seen that the DP8419 does not require a fast, 
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3. In a typical system based on the controller chip, transceivers 
isolate the dynamic RAM data pins from the CPU data bus. The 
chief job of the PAL device is to strike a balance between memory 
refresh and access cycles, and a special divider circuit supplies 
the controller with one refresh signal per clock period—enough to 
keep the memory refreshed. 
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periods to access a dynamic RAM. The 68020, 


however, takes only three periods. To reconcile 
its tcac needs with those of other processors, its 


expensive dynamic RAM in order to achieve 
high system performance. Most popular micro- 
processors require at least four system clock 


CPU Wait . 
RASIN 
RAS 
DP8419 


CAS 


4. The interface between the CPU and the DP8419 controller chip, as 
shown in Fig. 3, underscores the importance of access timing. Most dy- 
namic RAMs are characterized by trac, their access time from RAS, but 
in reality tcac, the access time from CAS, is often more critical. The 
memory controller in fact determines which of those parameters will 
govern the actual access time in a system. 
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5. If the CPU in Fig. 3 requests a memory read cycle during a forced 
refresh cycle, the PAL senses the access request. It then adds wait 
states (TW) to the CPU access cycle (upper dotted line) until the 
forced refresh has ended and the RAM’s RAS precharge specification 
has been met (lower dotted line). 
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Maximum dynamic RAM tcac allowable 
for no wait states with the DP8419 


Microprocessor 


Series 32000 

68000, 68010, or 68008 
68020 

8086/8088 
80186/80188 

80286* 


N.a. = not applicable 
* Operating frequency refers to CLK of 82284 clock generator. 


tcac calculation is based instead on four clock pe- 
riods, with one wait state inserted. 

Overall, the information in the table is valid 
for arrays of 72 dynamic RAMs. The maximum 
allowable tcac of the dynamic RAM will be 
greater by about 1 ns for every five fewer RAMs. 

Complementing the dynamic RAM controller 
is the DP8400-2 error checking and correction 
chip, which exploits several novel circuit 
techniques—along with the ALS process—to 
achieve a 20% to40% improvement in both pow- 
er consumption and speed over the earlier 
DP8400-4. It needs a maximum supply current 
of 300 mA, and it takes a maximum of 40 ns from 
valid data input to valid check bit output, 31 ns 
to valid error, and 61 ns to.corrected data. 

As a member of the DP8400 series of ECC 
chips, the DP8400-2 boosts the reliability of a 
dynamic RAM system by using a modified Ham- 
ming code that allows all single-bit errors to be 
detected and corrected and all double-bit errors 
to be detected. Then it goes the rest one better, 
using a double-complement method that allows 
all double-bit errors also to be corrected, so long 
as one of the errors is a hard error. 

-Also unique to the error-correcting device is 
its on-chip circuitry for byte parity, which de- 
tects all single-bit errors. This feature may be 
useful in systems where the CPU card and the 
memory card are separate and the user requires 
data integrity between the two.0 
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DP8400-2—E2C2 Expandable Error Checker/Corrector 


General Description 


The DP8400-2 Expandable Error Checker and Corrector 
(E2C2) aids system reliability and integrity by detecting er- 
rors in memory data and correcting single or double-bit er- 
rors. The E2C2 data I/O port sits across the processor- 
memory data bus as shown, and the check bit I/O port con- 
nects to the memory check bits. Error flags are provided, 
and a syndrome I/O port is available. Fabricated using high 
speed Schottky technology in a 48-pin dual-in-line package, 
the DP8400-2 has been designed such that its internal delay 
times are minimal, maintaining maximum memory perform- 
ance. 
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For a 16-bit word, the DP8400-2 monitors data between the 
processor and memory, with its 16-bit bidirectional data bus 
connected to the memory data bus. The DP8400-2 uses an 
encoding matrix to generate 6 check bits from the 16 bits of 
data. In a WRITE cycle, the data word and the correspond- 
ing check bits are written into memory. When the same lo- 
cation of memory is subsequently read, the E2C2 generates 
6 new check bits from the memory data and compares them 
with the 6 check bits read from memory to create 6 syn- 
drome bits. If there is a difference (causing some syndrome 
bits to go high), then that memory location contains an error 
and the DP8400-2 indicates the type of error with 3 error 
flags. If the error is a single data-bit error, the DP8400-2 will 
automatically correct it. 


The DP8400-2 is easily expandable to other data configura- 
tions. For a 32-bit data bus with 7 check bits, two 
DP8400-2s can be used in cascade with no other ICs. Three 
DP8400-2s can be used for 48 bits, and four DP8400-2s for 
64 data bits, both with 8 check bits. In all these configura- 
tions, single and double-error detection and single-error cor- 
rection are easy to implement. 


When the memory is more unreliable, or better system in- 
tegrity is preferred, then in any of these configurations, dou- 
ble-error correction can be performed. One approach re- 
quires a further memory WRITE-READ cycle using comple- 
mented data and check bits from the DP8400-2. If at least 
one of the two errors is a hard error, the DP8400-2 will 
correct both errors. This implementation requires no more 


memory check bits or DP8400-2s than the single-error cor- 
rect configurations. 

The DP8400-2 has a separate syndrome I/O bus which can 
be used for error logging or error management. In addition, 
the DP8400-2 can be used in BYTE-WRITE applications (for 
up to 72 data bits) because it has separate byte controls for 
the data buffers. In 16 or 32-bit systems, the DP8400-2 will 
generate and check system byte parity, if required, for integ- 
rity of the data supplied from or to the processor. There are 
three latch controls to enable latching of data in various 
modes and configurations. 


Operational Features 

mw Fast single and double-error detection 

m Fast single-error correction 

m Double-error correction after catastrophic failure with no 
additional ICs or check bits 
Functionally expandable to 100% double-error correct 
capability 
Functionally expandable to triple-error detect 
Directly expandable to 32 bits using 2 DP8400-2s only 
Directly expandable to 48 bits using 3 DP8400-2s only 
Directly expandable to 64 bits using 4 DP8400-2s only 
Expandable to and beyond 64 bits in fast configuration 
with extra ICs 
3 error flags for complete error recording 
3 latch enable inputs for versatile control 
Byte parity generating and checking 
Separate byte controls for outputting data in BYTE- 
WRITE operation 
Separate syndrome |/O port accessible for error 
logging and management 
On-chip input and output latches for data bus, check bit 
bus and syndrome bus 
Diagnostic capability for simulating check bits 
Memory check bit bus, syndrome bus, error flags and 
internally generated syndromes available on the data 
bus 

m Self-test of E2C2 on the memory card under processor 
control 

Full diagnostic check of memory with the E2C2 

m™ Complete memory failure detectable 

m Power-on clears data and syndrome input latches 


Timing Features 


16-BIT CONFIGURATION 

WRITE Time: 29 ns from data-in to check bits valid 
DETECT Time: 21 ns from data-in to Any Error (AE) flag set 
CORRECT Time: 44 ns from data-in to correct data out 
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Timing Features (Continued) 


32-BIT CONFIGURATION 

WRITE Time: 49 ns from data-in to check bits valid 
DETECT Time: 46 ns from data-in to Any Error (AE) flag set 
CORRECT Time: 84 ns from data-in to correct data out 


DP8400-2 Connection Diagram 


Dual-In-Line Package 


0P8400 


Top View TL/F/6899~2 


Order Number DP8400V-2, DP8400N-2, or DP8400D-2 
See NS Package V68, N48A or D48A 


Chip Carrier Package 


NW NW DQ11 DQ10 DQ9 DAB DQ7 DQ D4 NW DQ3 DQ2 DAI DAO OBO NW 


98765 43 2 1 6867666564636261 
60 





NW C4 C5 C6 BPO NW NW OES 
(7) 


TL/F/6899-36 
Top View 


Pin Descriptions 


Pin # Description 
1 DQ5 
DQ6 
DQ7 
Das 
DQ9 
DQ10 
7 DQ11 
13 DQ12 
14 DQ13 
15 DQ14 
16 DQ15 
17 OBI 
18 GND 
19 GND 
20 co 
21 C1 
22 C2 
23 C3 
28 C4 
29 C5 
30 C6 
31 BPO (C7) 
34 OES 
35 CSLE 
36 BPI (S7) 
37 S6 
38 $5 
39 S4 
40 $3 
41 $2 
44 $1 
45 So 
46 MO 
47 M1 
48 M2 
49 E1 
50 Vcc 
51 Vcc 
52 XP 
53 GND 
54 GND 
55 AE 
56 EO 
57 DLF 
58 OLE 
62 OBO 
63 DQO 
64 DQ1 
65 DQ2 
66 . Das 
68 DQ4 


Note: Pins 8, 9, 10, 11, 12, 24, 25, 26, 27, 32, 33, 42, 43, 59, 60, 61, and 67 
are all NW. 





Pin Definitions see Figure 7 for abbreviations 


Vcc, GND, GND: 5.0V +5%. The 3 supply pins have been 
assigned to the center of the package to reduce voltage 
drops, both DC and AC. Also there are two ground pins to 
reduce the low-level noise. The second ground pin is locat- 
ed two pins from Vcc, so that decoupling capacitors can be 
inserted directly next to these pins. It is important to ade- 
quately decouple this device, due to the high switching cur- 
rents that will occur when all 16 data bits change in the 
same direction simultaneously. A recommended solution 
would be a 1 F multilayer ceramic capacitor in parallel with 
a low-voltage tantalum capacitor, both connected close to 
pins 36 and 38 to reduce lead inductance. 


DQ0-DQ15: Data I/O port. 16-bit bidirectional data bus 
which is connected to the input of DILO and DIL1 and the 
output of DOBO and DOB1, with DQ8-DQ15 also to CIL. 


C0-C6: Check-bit I/O port. 7-bit bidirectional bus which is 
connected to the input of the CIL and the output of the COB. 
COB is enabled whenever M2 is low. 


$0-S6: Syndrome I/O port. 7-bit bidirectional bus which is 
connected to the input of the SIL and the output of the SOB. 


DLE: Input data latch enable. When high, DILO and DIL1 
outputs follow the input data bus. When low, DILO and DIL1 
latch the input data. 


CSLE: Input check bit and syndrome latch enable. When 
high, CIL and SIL follow the input check and syndrome bits. 
When low, CIL and SIL latch the input check and syndrome 
bits. If OES is low, SIL remains latched. 


OLE: Output latch enable. OLE enables the internally gener- 
ated data to DOLO, and DOL1, COL and SOL when low, and 
latches when high. 


XP: Multi-expansion, which feeds into a three-level compar- 
ator. With XP at OV, only 6 or 7 check bits are available for 
expansion up to 40 bits, allowing byte parity capability. With 
XP open or at Vcc, expansion beyond 40 bits is possible, 
but byte parity capability is no longer available. When XP is 
at Vcc, CG6 and CG7, the internally generated upper two 
check bits, are set low. When XP is open, CG6 and CG7 are 
set to word parity. 

BPO (C7): When XP is at OV, this pin is byte-0 parity I/O. In 
the Normal WRITE mode, BPO receives system byte-0 pari- 
ty, and in the Normal READ mode outputs system byte-0 
parity. When XP is open or at Vcc, this pin becomes C7 I/O, 
the eighth check bit for the memory check bits, for 48-bit 
expansion and beyond. 

BP1 (S7): When XP is at OV, this pin is byte-1 parity I/O. In 
the Normal WRITE mode, BP1 receives system byte-1 pari- 
ty, and in the Normal READ mode outputs system byte-1 
parity. When XP is open or at Vcc, this pin becomes $7 I/O, 
the eight syndrome bit for 48-bit expansion and beyond. 


AE: Any error. In the Normal READ mode, when low, AE 
indicates no error and when high, indicates that an error has 
occurred. In any WRITE mode, AE is permanently low. 


EO: In the Normal READ mode, EO is high for a single-data 
error, and low for other conditions. In the Normal WRITE 
mode, EO becomes PEO and is low if a parity error exists in 
byte-O as transmitted from the processor. 

E1: In the Normal READ mode, E1 is high for a single-data 
error or a single check bit error, and low for no error and 
double-error. In the Normal WRITE mode, E1 becomes PET 
and is low if a parity error exists in byte-1 as transmitted 
from the processor. 


OBO, OB: Output byte-0 and output byte-1 enables. These 
inputs, when low, enable DOLO and DOL1 through DOBO 
and DOB1 onto the data bus pins DQ0-DQ7 and DQ8- 
DQ15. When OBO and OB1 are high the DOBO, DOB1 out- 
puts are TRI-STATE®. 


OES: Output enables syndromes. |/O control of the syn- 
drome latches. When high, SOB is TRI-STATE and external 
syndromes pass through the syndrome input latch with 
CSLE high. When OES is low, SOB is enabled and the gen- 
erated syndromes appear on the syndrome bus, also CSLE 
is inhibited internally to SIL. 


MO, M1, M2: Mode control inputs. These three controls de- 
fine the eight major operational modes of the DP8400-2. 
Table Ill depicts the modes. 


System Write (Figure 2a) 


The Normal WRITE mode is mode 0 of Table II. Referring 
to the block diagram in Figure 9a and the timing diagram of 
Figure 9b, the 16 bits of data from the processor are en- 
abled into the data input latches, DILO and DIL1, when the 
input data latch enable (DLE) is high. When this goes low, 
the input data is latched. The check bit generator (CG) then 
produces 6 parity bits, called check bits. Each parity bit 
monitors different combinations of the input data-bits. In the 
16-bit configuration, assuming no syndrome bits are being 
fed in from the syndrome bus into the syndrome input latch, 
the 6 check bits enter the check bit output latch (COL), 
when the output latch enable OLE is low, and are latched in 
when OLE goes high. Whenever M2 (READ/WRITE) is low, 
the check bit output buffer COB always enables the COL 
contents onto the external check bit bus. Also the data error 
decoder (DED) is inhibited during WRITE so no correction 
can take place. Data output latches DOLO and DOL1, when 
enabled with OLE, will therefore see the contents of DILO 
and DIL1. If valid system data is still on the data bus, a 
memory WRITE will write to memory the data on the data 
bus and the check bits output from COB. If the system has 
vacated the data bus, output enables (OBO and OB1) must 
be set low so that the original data word with its 6 check bits 
can be written to memory. 


System Read 


There are two methods of reading data: the error monitoring 
method (Figure 2b), and the always correct method (Figure 
2c). Both require fast error detection, and the second, fast 
correction. With the first method, the memory data is only 
monitored by the E2C2, and is assumed to be correct. If 
there is an error, the Any Error flag (AE) goes high, requiring 
further action from the system to correct the data. With the 
always correct method, the memory data is assumed to be 
possibly in error. Memory data is removed and the correct- 
ed, or already correct, data is output from the E2C2 by en- 
abling OB1 and OBO. To detect an error (referring to Figures 
70a and 70b) first DLE and CSLE go high to enter data bits 
and check bits from memory into DILO, DOL1 and CIL. The 
6 check bits generated in CG from DILO and DOL1 are then 
compared with CIL to generate syndromes on the internal 
syndrome bus (SG). Any bit or bits of SG that go high indi- 
cate an error to the error encoder (EE). 
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FIGURE 1. DP8400-2 Block Diagram 


DP8400-2 
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System Diagrams—Modes of Operation 
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FIGURE 2b. Normal READ Mode, Error 
Monitoring Method with E2C2 
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FIGURE 2c. Normal READ Mode, Always 
Correct Method with E2C2 
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System Read (Continued) 


If data correction is required OBO and OBT1 must be set low 
(after memory data has been disabled) to enable data out- 
put buffers DOBO and DOB1. The location of any data bit 
error is determined by the data error decoder (DED), from 
the syndrome bits. The bit in error is complemented in the 
DOL for correction. The other 15 bits from DED pass the 
DIL contents directly to the DOL, so that DOL now contains 
corrected data. 


Error Determination 


The three error flags, for a 16-bit example, are decoded 
from the internally generated syndromes as shown in Figure 
3. First, if any error has occurred, the generated check bits 
will be different from the memory check bits, causing some 
of the syndrome bits to go high. By OR-ing the syndrome 
bits, the output will be an indication of any error. 


If there is a single-data error, then (from the matrix in Table 
IV) it can be seen that any data error causes either 3 or 5 
syndrome bits to go high. 16 AND gates decode which bit is 
in error and the bit in error is XOR-ed with the corresponding 
bit of the DIL to correct it, whereas the other 15 decoder 
outputs are low, causing the corresponding 15 bits in DIL to 
transfer to DOL directly. DOL now contains corrected data. 
The 16 AND gate outputs are OR-ed together causing E0 to 
go high, so that E0 is the single-data-error indication. If the 
error is a double-error, then either 2, 4 or 6 of the syndrome 
bits will be high. The syndromes for two errors (including 
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ANY ERROR 
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SINGLE DATA ERROR 
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FIGURE 3. Error Encoder 


one or two check bit errors) are the two sets of syndromes 
for each individual error bit, XOR-ed together. By performing 
a parity check on the syndrome bits, flag E1 will indicate 
even/odd parity. If there is still an error, but it is not one of 
these errors, then it is a detectable triple-bit error. Some 
triple-bit errors are not detectable as such and may be inter- 
preted as single-bit errors and falsely corrected as single- 
data errors. This is true for all standard ECC circuits using a 
Modified Hamming-code matrix. The DP8400-2 is capable, 
with its Rotational Syndrome Word Generator matrix, of de- 
termining all triple-bit errors using twice as many DP8400-2s 
and twice as many check bits. 


Error Flags 


Three error flags are provided to allow full error determina- 
tion. Table | shows the error flag outputs for the different 
error types in Normal READ mode. If there is an error, then 
ANY ERROR will go high, at a time tpey (Figure 70b) after 
data and check bits are presented to the DP8400-2. The 
other two error flags EO and E1 become valid tpeo and tpg, 
later. 


The error flags differentiate between no error, single check 
bit error, single data-bit error, double-bit error. Because the 
DP8400-2 can correct double errors, it is important to know 
that two errors have occurred, and not just a multiple-error 
indication. The error flags will remain valid as long as DLE 
and CSLE are low, or if DLE is high, and data and check bits 
remain valid. 


Byte Parity Support 


Some systems require extra integrity for transmission of 
data between the different cards. To achieve this, individual 
byte parity bits are transmitted with the data bits in both 
directions. The DP8400-2 offers byte parity support for up to 
40 data bits. If the processor generates byte parity when 
transferring information to the memory, during the WRITE 
cycle, then each byte parity bit can be connected to the 
corresponding byte parity I/O pin on the DP8400-2, either 
BPO or BP1. The DP8400-2 develops its own internal byte 
parity bits from the two bytes of data from the processor, 
and compares them with BPO and BP1 using an exclusive- 
OR for both parities. The output of each exclusive-OR is fed 
to the error flags EO and E1 as PEO and PE1, so that a byte 
parity error forces its respective error flag low, as in Table Il. 
These flags are only valid for the Normal WRITE (mode 0) 
and XP at OV. The DP8400-2 checks and generates even 
byte parity. 

When transferring information from the memory to the proc- 
essor, the DP8400-2 receives the memory data, and outputs 
the corresponding byte parity bits on BPO and BP1 to the 
processor. The processor block can then check data integri- 
ty with its own byte parity generator. If in fact memory data 
was in error, the DP8400-2 derives BPO and BP1 from the 
memory input data, and not the corrected data, so when 
corrected data is output from the DP8400-2, the processor 
will detect a byte parity error. 


During the read mode, DP8400-2 corrects single data bit 
error and also its parity. 





| ve | et | eco | errortype | =| AE | _E1(PER) | 
po | oo | oo | Noeror | Fo | 
| 1 | 1 | 0 | Singlecheckbiteror | | o | 1 | 
po | oo | 
| 1 | o | 0 | Doublebiteror | [Lol o | 


TABLE lt. Error Flags After TABLE II. Error Flags after 
Normal Read (Mode 4) Normal Write (Mode 0) 


| E0(PEO) | Errortype | 
| t | Noparity error 
| 0 | Parity error, byte _| 
| 0 | Parity error, bytes 0, 1 | 


All Others Invalid conditions 


TABLE III. DP8400-2 Modes of Operation 


M2 
cA 
X | Normal WRITE 
DIL — DOL,CG — COL — COB 
1 X | Complement WRITE 
DIL — DOL, CIL — COL — COB 
1 X |} Diagnostic WRITE, DLE inhibited 
DQ8-DQ15e CG — SOL — SOB 
DQ8-DQ15 —> CIL — COL — COB 
1) 1 X | Complement data-only WRITE 
DIL — DOL, 
(CGO, 1, 4, 5, CG2, CG3) —>» COL — COB 
4 1 X | Normal READ 
DIL 6 DE — DOL, CIL — COL 
1 1 X | Complement READ 
DIL © DE — DOL,CIL — COL 


6A 1 READ generated syndromes, check bit 
bus, error flags, SGO-SG6 — DQO0-DQ6, 
CILO-CIL6 — DQ8-DQ14,E1 — DQ’, 
EO — DQ15 


READ syndrome bus, check bit bus, error 
flags, SILO-SIL6 —>» DQO-DQ6, 
CILO-CIL6 — DQ8-DQ14,E1 — DQ7, 


Generated syndromes replace with zero 
0 — SIL — SG,CIL — COL, 
DIL ® DE — DOL 


7B 1 1 1 | Generated syndromes replace 
SIL — SG, CIL — COL, DIL ® DE — DOL 


TABLE IV. Data-In To Check Bit Generate, Or Data Bit Error To Syndrome-Generate Matrix (16-Bit Configuration) 


GENERATED 
SYNDROMES 


*C2, C3 generate odd parity 


af, Wh = © 


012 3 4 5 6 } cao 


GENERATE CHECK BITS 


GENERATED 
CHECK 
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HEXADECIMAL EQUIVALENT 
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c-0078dd 





DP8400-2 


NE=no error 


Modes of Operation 


There are three mode-contro! pins, M2, M1 and MO, offering 
8 major modes of operation, according to Table Ill. 


M2 is the READ/WRITE control. In normal operation, mode 
0 is Normal WRITE and mode 4 is Normal READ. By clamp- 
ing MO and M1 low, and setting M2 low during WRITE and 
high during READ, the DP8400-2 is very easy to use for 
normal operation. The other modes will be covered in later 
sections. 


16-BIT CONFIGURATION 


The first two rows on top of the check bit generate matrix 
(Table IV) indicate the data position of DQ0 to DQ15. The 
left side of the matrix, listed 0 to 5, corresponds to syn- 
dromes SO to S5. SO is the least significant syndrome bit. 
There are two rows of hexadecimal numbers below the ma- 
trix. They are the hex equivalent of the syndrome patterns. 
For example, syndrome pattern in the first column of the 
matrix is 001011. Its least significant four bits (0010) equal 
hexadecimal 4, and the remaining two bits (11) equal hexa- 
decimal 3. 


Check bit generation is done by selecting different combina- 
tions of data bits and generating parities from them. Each 
row of the check bit generate matrix corresponds to the 
generation of a check bit numbered on the right hand side 
of the matrix, and the ones in that row indicate the selection 
of data bits. 


The following are the check bit generate equations for 16-bit 
wide data words: 


CGO = DQ2 @ DQ3 ® DQ4 @ DAS @ DAE ® DQ7 ® 
DQ9 ® DQIO © DQI1 & DQI3 © DQATI4 ® 
DQ15 


CG1 = DQ3 ® DQE6 & DAS & DQY ® DA11 © DQ1I3 ® 
DQ14 ® DQ15 


*CG2 = DQ0 © DQ3 @ D4 © DAS & DQIN © DQ12 © 
DQ13 @ DQ14 © DQ15 6 1 

*CG3 = DQ1 ® DQ2 &© DQ7 ® DAS © DAY & DAIN © 
DQ12 © DQ14 © DQ15 @ 1 

CG4 = DQO ® DQ1 © DQS @® DQ7 © DAS @ DAI1 © 
DQ13 ® DQ15 


CG5 = DQ0 ® DQ1 © DQ2 ® DQ4 ® DOS @ DOE ® 
DQ8 ®& DQ12 ® DQ13 & DQI4 
*CG2 and CG3 are odd parities. 


The following error map (Table V) depicts the relationship 
between all possible error conditions and their associated 
syndrome patterns. For example, if a syndrome pattern is 
SO-5 = 111101, data bit 14 is in error. 

Figure 4 shows how to connect one DP8400-2 in a 16-bit 
configuration, in order to detect and correct single or dou- 
ble-bit errors. For a Normal WRITE, processor data is pre- 


sented to the DP8400-2, where it is fed through DILO and 
DIL1 to the check bit generator. This generates 6 parity bits 
from different combinations of data bits, according to Table 
IV. The numbers in the row below the table are the hexade- 
cimal equivalent of the column bits (with bits 6, 7 low). A ‘‘1” 
in any row indicates that the data bit in that column is con- 
nected to the parity generator for that row. For example, 
check bit 1 generates parity from data bits 3, 6, 8, 9, 11, 13, 
14, and 15. 


Check bits 0, 1, 4, 5, and 6 generate even parity, and check 
bits 2 and 3 generate odd parity. This is done to insure that 
a total memory failure is detected. If all check bits were 
even parity, then ail zeroes in the data word would generate 
all check bits zero and a total memory failure would not be 
detected when a memory READ was performed. Now all- 
zero-data bits produce C2 and C3 high and a total memory 
failure will be detected. When reading back from the same 
location, the memory data bits (possibly in error) are fed to 
the same check bit generator, where they are compared to 
the memory check bits (also possibly in error) using 6 exclu- 
sive-OR gates. The outputs of the XORs are the syndrome 
bits, and these can be determined according to Table IV for 
one data bit error. For example, an error in bit 2 will produce 
the syndrome word 101001 (for S5 to SO respectively). The 
syndrome word is decoded by the error encoder to the error 
flags, and the data-error decoder to correct a single data bit 
error. Assuming the memory data has been latched in the 
DIL, by making DLE go low, memory data can be disabled. 
Then by setting OBO and OB7 low, corrected data will ap- 
pear on the data bus. The syndromes are available as out- 
puts on pins SO-5 when OES is low. It is also possible to 
feed in syndromes to SIL when OES is high and CSLE goes 
high. This can be useful when using the Error Management 
Unit shown in Figure 4. C6 and S6 are not used for 16 bits. It 
is safe therefore to make C6 appear low, through a 2.7 kN. 
resistor to ground. The same applies for S6 if syndromes 
are input to the DP8400-2. If OES is permanently low, S6 
may be left open. 


Any 16-bit memory correct system using the DP8400-2 with- 
out syndrome inputs must keep the OES pin grounded, then 
all the syndrome I/O pins may be left open. The reason for 
this is that the DP8400-2 resets the syndrome input latch at 
power up. If the OES pin is grounded, the syndrome input 
latch will remain reset for normal operations. 

The parameter tuum (see Figure 10b), new mode recog- 
nized time, is measured from M2 (changing from READ to 
WRITE) to the valid check bits appearing on the check bit 
bus, provided the OLE was held low. 

The parameter tycr (see Figure 70b), mode change recog- 
nized time, is measured from M2 (changing from WRITE to 


TABLE V. Syndrome Decode To Bit In Error For 16-Bit Data Word 


Syndrome 
Bits 


$5 


Cn=check bit n in error T=three errors detected 


Number= single data bit in error 


D=two bits in error 
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FIGURE 5. 32-Bit Error Detection and Correction 


2-11 





2-00'8dG 





DP8400-2 


Modes of Operation (continued) 


READ) when both E1 and E2 become invalid. This is re- 
quired when a memory correcting system employs the 
DP8400-2 with byte parity checking. The E1 and E2 pins 
flag the byte parity error in a memory WRITE cycle. When 
the DP8400-2 switches to a subsequent memory READ cy- 
cle, it requires tycr for E1 and E2 to be switched to flag any 
READ error(s). 


Expanded Operation 


32-BIT CONFIGURATION 


Figure 5 shows how to connect two DP8400-2s in cascade 
to detect single and double-bit errors, and to correct single- 
data errors. The same circuit will also correct double-bit er- 
rors once a double-error has been detected, provided at 
least one error is a hard error. The lower chip L is in effect a 
slave to the higher chip H, which controls the memory check 
bits and error reporting. The check bit bus of L is reordered 
and connected to the syndrome bus of H, as shown in Fig- 
ure 5, 


Ina Normal WRITE mode, referring to Figures 13a, 13b, and 
13c, the 7 check bits generated from the lower 16 bits 
(CGL) are transferred via the COL to the COB of L, provided 
OLE is high and M2 (R/W) of L is low. These partial check 
bits from L then appear at SIL of H, so that with CSLE high, 
they combine with the 6 check bits generated in H with an 
overlap of one bit, to produce 7 check bits. With M2 (R/W) 
of H low, these 7 check bits are output from COB to memo- 
ry. 

A READ cycle may consist of DETECT ONLY or DETECT 
THEN CORRECT, depending on the system approach. In 
both approaches, L writes its partial check bits, CGL, to H 
as in WRITE mode. H develops the syndrome bits from 
CGL, CGH and the 7 check bits read from memory in CIL. H 
then outputs from its error encoder (EE) if there is an error. 
If corrected data is required, H already knows if it has a 
single-data error from its syndrome bits, but if not, it must 
transfer partial syndromes back to L. These partial syn- 
dromes PSH, (CGH XOR-ed with CIL), are stored in SOL of 
H. L must therefore change modes from WRITE to READ, 
while H outputs the partial syndromes from its SOB by set- 
ting OES low. The partial syndromes are fed into CIL of L 
and XOR-ed with CGL to produce syndrome bits at SGL. 
The data error decoder, DED, then corrects the error in L. 
The DED of H will already have corrected an error in the 
higher 16 bits. Only one error in 32 bits can be corrected as 
a single-data error, the chip with no error does not change 
the contents of its DIL when it is enabled in DOL. Table VI 
shows the 3 error flags of H, which become valid during the 
DETECT cycle. EO of L becomes valid during the CORRECT 
cycle, so that the 4 flags provide complete error reporting. 


TABLE VI. Error Flags After Normal READ 
(32-Bit Configuration) 


AE(H)/ET(H)|E0(H)[EO(L)*|  ErrorType | 

o | o [| o | 0 |Noeror 
pa ft | 0 | 0 |singlecheck bit eror_| 
pt ft ft [0 | Single-cata bit error (4) 
pi ft | 0 | 1 | singlo-cta bit error (| 
1 fo | o | 0 |doubiebiteror | 


*E0 (L) is valid after transfer of partial syndromes from higher to lower 
Equations for 32-bit expansion: | 


tocsps2 = tocsie + tscBi16e 
tpev32 = tocBie + tsevie 
tocp32 (High Chip) = tpcsie + tscp16 


tpcp32 (Low Chip) = tpcaie + tarn* + tccpi6 
*tgr: Bus reversing time (25 ns) 


32-BIT MATRIX 


Table Vil shows a 32-bit matrix using two DP8400-2s in cas- 
cade as in Figure 5. This is one of 12 matrices that work for 
32 bits. The matrix for bits 0 to 15 (lower chip) is the matrix 
of Table IV for 16-bit configuration, with row 6 always “0”. 
The matrix for bits 16 to 31 (higher chip) uses the same row 
combinations but interchanged, for example, the 3rd row 
(row 2) of L matrix is the same as the 6th row (row 5) of the 
H matrix. This means row 5 of H is in fact check bit 2 of H. 
Thus, the 6th row (row 5) combines generated check bit 5 
(CG5) of L and generated check bit 2 of H. Check bit 5 of L 
therefore connects to the syndrome bit 2 (CG2) of H, and 
the composite generated check bit is written to check bit 2 
of memory. Thus C2 performs a parity check on bits 0, 1, 2, 
4, 5, 6, 8, 12, 13, 14, of L, and bits 16, 19, 20, 24, 26, 28, 29, 
30, 31, of H. CG2 and CG3 generate odd parity, so that CG5 
of L generates even parity which combines with CG2 of H 
generating odd parity. CG3 of L and CG3 of H both generate 
odd parity causing C3 to memory to represent even parity. 
Only 6 check bits are generated in each chip, the 7th (CG6) 
is always zero with XP grounded. Thus CG6 of L combines 
with CGO of H so that CO to memory is the parity of bits 18, 
19, 20, 21, 22, 23, 25, 26, 27, 29, 30, 31. Similarly C6 to 
memory is only CG2 of L. The 7 composite generated check 
bits of H can now be written to memory. 

When reading data and check bits from memory, CG6-CGO0 
of L are combined with CG6-CGO of H in the same combi- 
nation as WRITE. Memory check bits are fed into C6-CO of 
H and compared with the 7 combined parity bits in H, to 


TABLE Vil. Data Bit Error To Syndrome-Generate Matrix (32-Bit Configuration) 
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Expanded Operation (continueg) 


TABLE Vill. Check Bit Port To Syndrome Port 
Interconnections For Expansion To 32 Bits 


Syndrome I/O 
to 
Management 


Syndrome 
Bits 


$6 S5 


—~ =—-—§ © O = = CO OO 
—~ O- OF += O + O 


NE=no error Cn=check bit n in error 


Number= single data bit in error D=two bits in error 
produce 7 syndrome bits S6-SO. H can now determine if 


there is any error, and if it has a single-data error, it can 
locate it and correct it without transferring partial syndromes 
to L. As an example of a DETECT cycle, CG5 of L combines 
with CG2 of H and is compared in H with memory check bit 
2. 


If L is now set to mode 4, Normal READ, and OES of H is 
set low, the partial syndromes of H (CG6-CGO of H XOR-ed 
with C6-CO of H) are transferred and shifted to L. L re- 
ceives these partial syndromes (S6-SO of H) as check bit 
inputs C2, C1, C4, C3, C5, CO, C6 respectively, and com- 
pares them with CG6-CGO respectively, to produce syn- 
drome bits S6—SO. L now decodes these syndromes to cor- 
rect any single-data error in data bits 0 to 15. For example, 
partial syndrome bit 2 of H combines with generated check 
bit 5 of L to produce syndrome bit 5 in L. An error in data bit 
10 will create syndrome bits in L as 0001101 from S6-SO, 
and these will appear on S6-SO of L with OES low. An error 
in H will appear as per the H matrix. For example, an error in 
bit 16 will cause S6-SO of L to be 0110010. 


If OES of L is set low, this syndrome combination appears 
on pins S6 to SO. For errors in bits 0 to 15, the syndrome 
outputs will be according to Table VII. For errors in bits 16 to 
31, the syndrome outputs from L will still be according to 
Table VII due to the shifting of partial syndrome bits from H 
to L. The syndrome outputs from L are unique for each of 
the possible 32 bits in error. 


If there is a check bit error, only one syndrome bit will be 
high. For example, if C5 is in error, then S1 of L will be high. 
For double-errors, an even number of syndrome bits will be 
high, derived from XOR-ing the two single-bit error syn- 
dromes. As mentioned previously, this is only one of the 12 
approaches to connecting two chips for 32 bits, 6 of which 
are mirror images. 


rc 


oan oncler| 
lor] 


ankwnr—o 


ONF WOOO 


Check Bit I/O 


ONA OOOH 


fo lo fefotttttolofs|trolt flor 


T=three errors detected 


Table VIII depicts the exact connection for 32-bit expansion. 
LS equals syndrome bits of L. LC equals check bits of L. HS 
equals syndrome bits of H. HC equals check bits of H. Syn- 
drome bits SO to S6 of L are connected to system syndrome 
bits SO to S6. LC and HS columns are lined together show- 
ing the check bit port of L connected to the syndrome port 
of H in the exact sequence as shown in Table VIII. For ex- 
ample, check bit CO of L is connected to the syndrome bit 
S1 of H, and check bit C6 of Lis connected to the syndrome 
bit SO of H. Check bits of H are connected to the system 
check bits in the order shown. Check bit C1 of H is connect- 
ed to the system check bit CO. 


EXPANSION FOR DATA WORDS REQUIRING 
8 CHECK BITS 


For 16-bit and 32-bit configurations, XP is set permanently 
low. In 48-bit or 64-bit configurations, XP is either set perma- 
nently to Vcc or left open, according to Table X, to provide 8 
check bits and syndrome bits. 


TABLE X. XP: Expansion Status 


ze | —__ststue__{_Datn Bus 


BPO and BP'1 are byte parity |/O < 40 Bits 
CG6=0 


No byte parity 1/0, = 40 Bits 
CG6 and CG7 = word parity 

Voc No byte parity 1/0, = 40 Bits 
CG6 and CG7=0 


48-BIT EXPANSION 

Three DP8400-2s are required for 48 bits, with the higher 
chip using all 8 of its check bits to the memory. No byte 
parity is available for 48 to 64 bits. XP of all three chips must 
be at Vcc. The three chips are connected in cascade as in 
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DP8400-2 


Expanded Operation (Continueg) 


TABLE XI. Check Bit Port To Syndrome Port 
Interconnections For Expansion To 48 Bits 


eee) era Te 


Syndrome t/O 
to 
Management 


NOORONM —O 
NOMA OOO 


Check Bit I/O 


NON A OO OH 
OaWONMNh- OD 
OaONN A=] OD 


For example: SO of LL is connected to system syndrome SO. CO of Lt is connected to S1 of LH. C1 of 
LH is connected to S6 of HL. C6 of HL is connected to system check bit CO. 


TABLE Xii. Syndrome Decode To Bit In Error For 48-Bit Data Word 


0 1 0 1 0 1 
Syndrome 0 0 1 1 0 0 
Bits 0 0 0 0 1 1 
0 0 0 0 0 0 


7] 
“i 
n 
a 


tt rt ee > << 
+424 CACCOHA4A AHA DTC 0 OP 


= -§ © OF =— 00 =] += © Oj =|] OO OG 


1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 


1 


NE = no error Cn = check bit n in error 
Number = single data bit in error OD = two bits in error 
Figure 6, but with the HH chip removed. The error flags are 
as Table XV, but with AE (HH) and E1 (HH) becoming AE 
(HL) and E1 (HL), and EO (HH) removed. 


48-BIT MATRIX 


The matrix for 48 bits is that for 64 bits shown (in Table XVI) 
but only using bits 0 to 47. This is one of many matrices for 
48-bit expansion using the basic 16-bit matrix. The matrix 
shown uses 2 zeroes for CG6 and CG7, for all three chips, 
with XP set to Voc. Other matrices may use CG6 and CG7 
as word parity with XP open. 


64-BIT EXPANSION 


There are two basic methods of expansion to 64 bits, both 
requiring 8 check bits to memory, and four DP8400-2s. One 
is the cascade method of Figure 6, requiring no extra ICs. 
With this method partial check bits have to be transferred 
through three chips in the WRITE or DETECT mode, and 
partial syndrome bits transferred back through three chips in 
CORRECT mode. This method is similar to Figure 5, 32-bit 
approach. The connections between the check bit bus 


0 
1 
1 
0 


rato to tetotrpofotote tr ott te [oy 
per; Do}; o| T}otr{a}olto{r}t}{ol[r]{o|o| 
pol rte pot r pepo tit oo Tt Ot TT 


Pott t~efotr po pot tpt ote tro trp 


T = three errors detected 
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1 0 1 0 1 
1 0 0 1 1 
1 0 0 0 0 
0 1 1 1 1 


Nef cote} otctototsatalofotetotwir 


OJAyAyOsAsyOsyOs/AayAayoyoy;Ayo 


and syndrome bus for each of the chip pairs are shown in 
Table Xill. 


The error flags of HH are valid during the DETECT cycle as 
in Table XV, and the other error flags are valid during the 
CORRECT cycle. 


A faster method of 64-bit expansion shown in Figure 7 re- 
quires a few extra ICs, but can WRITE in 50 ns, DETECT in 
42 ns or DETECT THEN CORRECT in 90 ns. In the WRITE 
mode, all four sets of check bits are combined externally in 
the 8 74S280 parity generators. These generate 8 compos- 
ite check bits from the system data, which are then enabled 
to memory. In the DETECT mode, again 8 composite check 
bits are generated, from the memory data this time, and 
compared with the memory check bits to produce 8 external 
syndrome bits. These syndrome bits may be OR-ed to de- 
termine if there is any error. By making the 74S280 outputs 
SYNDROMES, then any bit low causes the 74S30 NAND 
gate to go high, giving any error indication. To correct the 
error, these syndrome bits are fed re-ordered into SIL of 
each DP8400-2 now set to mode 7B. This enables the syn- 
dromes directly to SG and then DED of each chip. One chip 









Expanded Operation (continuea) 


will output corrected data, while the other three output non- 64-BIT MATRIX 
modified data (but still correct). 






With the 64-bit matrix shown in Table XVI, it is necessary to 









Equations for fast 64-bit expansion: set at least one chip with CG6, CG7 non-zero. The highest 
tocpes = toca1e + tpg (745280) + tpg (745240) chip, connected to data bits 48 to 63, has XP set open, so 
eves ~ oe py P4520 + pg 7450) PE il ir ates 
t = + tog (748280) + tpg (74ALS533 Oran aie ie y 

poses = toca16 + tha (7 ) + tha ( ) high, but inside the chip CG6 and CG7 remove two of these 
+ tscpi16 in a READ so that the chip sees the normal 3 or 5 syndrome 
bits. 







TABLE XIll. Check Bit Port To Syndrome Port 
Interconnections For Expansion To 64 Bits 


rs PS zy LH] HL ie 
= 








Check Bit I/O 


NONMBROOO— 
NON AOD 
ONWANN A+ MD 
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For example: SO of LL is connected to system syndrome SO. CO of LL is connected to S1 of LH. C1 of LH is connected to S6 
of HL. C6 of HL is connected to S7 of HH. C7 of HH is connected to system check bit CO. 


TABLE XIV. Syndrome Decode To Bit In Error For 64-Bit Data Word 





So 0 1 0 1 0 1 0° 61 0 1 0 1 0 1 0 1 
Syndrome $1 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 
Bits $2 0 0 0 0) 1 1 1 1 0 0 0 0 1 1 1 1 

$3 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 
S7 S6 S5 S4 
0 o o o[ne{colc1| o|ce{p/o{3{c3|o{[o}|o/{o{w] To 
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o 1 o ofcs|o{o]2}{o{t}/t{o]{oj]e{wi|o|rt{o|ol{tTt 
se me ON Crd d= OP = a a 
o 1 14 of dD{wfalo|s{o}o|rtrie|{ol{oi{sw}{oiri|rt{o 
o 1 1 1/44; o]{[o]a}ol{tila{o{o|la{r}o|t{o|ol{rT 
1 0 © ofez{o{[o{[t{o{t /sa{o};o{t}{t{o|Tt]o|o|s 
1 0 o +{[o}t}as]o|r{[o}ols|tlo|o|s{oiti tio 
(Os a Ot Be |S aa | De fege |. (pe fee: |r Bor | Oo 
1 0 1 1 {4{[o}]o{s]|o{tri4z}ofo{t}|rt|o{t]o{ole 
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i 934s oo) Bi eae Del Os Ds jr |. re Oa hs | bP] sen) Th eb 

NE = no error Cn = check bitnin error 1 = three errors detected 







Number = single data bit in error D = two bits in error 













TABLE XV. Error Flags After Normal READ (Any 64-Bit Configuration) 

| E1(HH) | EO(HH) | EO(HL) | EO(LH) | Eo(LL) | Errortype _— 
poo | co Ct lt Cf CT | Noertor 
Pot tT ct Cf |__| Singlo-check bit error 
pot tt tf tT Singto-data bit error in HH_| 
pot lt ft T_T Singlo-data bit error in HL_| 
pot | lt fT tf lt |  Single-data bit error in LH_| 
pot | lt Tl CT tT Singte-cata bit errorin LL_| 
ee ee 
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FIGURE 6. Cascade Expansion Using No Extra ICs (64-Bit Configuration) 


TABLE XVI. Data Bit Error To Syndrome-Generate Matrix (64-Bit Configuration) 


11114141 
0123456789012345 
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FIGURE 7. Parallel Expansion (Fast 64-Bit Configuration) 





DP8400-2 


Other Modes Of Operation 


DOUBLE ERROR CORRECTION, USING THE DOUBLE- 
COMPLEMENT APPROACH 


The DP8400-2 can be made to correct two errors, using no 
extra ICs or check bits, if at least one of the two errors 
detected is a hard error. This does require an extra memory 
WRITE and READ. Nevertheless, if a permanent failure ex- 
ists, and an additional error occurs (creating two errors), 
both errors can be corrected, thereby saving a system 
crash. 


Once a double error has been detected, the system puts the 
DP8400-2 in COMPLEMENT mode by setting MO high. First 
a WRITE cycle is required and M2 is set low, putting the 
chip in mode 1, Table Ill, (COMPLEMENT WRITE), so that 
the contents of DIL are complemented into DOL, and the 
contents of CIL complemented into COL. OBO and OBT are 
set low so that complemented data and check bits can be 
written back to the same location of memory. Writing back 
complemented data to a location with a hard error forces 


DATA 1/0 


HARD ERRORS 


ORIGINAL DATA/CBs WRITTEN 
TO MEMORY 


2 DATA ERRORS 
INSERTED 


DATA/CBs READ 
FROM MEMORY 


COMPLEMENT DATA/CBs IN 
OP8400 INPUT LATCHES, 
WRITE BACK TO SAME 
LOCATION IN MEMORY 


SAME 2 
DATA ERRORS 


READ BACK FROM SAME 1010 


LOCATION IN MEMORY 


COMPLEMENT DATA/CBs 
IN DP8400 INPUT LATCHES 
AND COMPARE CBs 


NUMBER OF 
COMPLEMENTS 


2 BY DP8400 
2 BY MEMORY 


EVEN EVEN 


— 


2 BY DP8400 
__O BY MEMORY 


the error to repeat itself. For example, if cell N of a particular 
location is jammed permanently high, and a low is written to 
it, a high will be read. However, when the data is comple- 
mented a low is again written, so that a high is read back for 
the second time. After a second READ (this second READ 
is a COMPLEMENT READ) of the location, data and check 
bits from the memory are recomplemented, so that bit N 
now contains a low. In other words, the error in bit N has 
corrected itself, while the other bits are true again. If there 
are two hard errors in a location, both are automatically cor- 
rected and the DP8400-2 detects no error on COMPLE- 
MENT READ, as in Figure 8a. Figure 8b also shows that if 
one error is soft, the hard error will disappear on the second 
READ and the DP8400-2 corrects the soft error as a single- 
error. Therefore, in both cases, the DOL contains corrected 
data, ready to be enabled by OBO and OB7. A WRITE to 
memory at this stage removes the complemented data writ- 
ten at the start of the sequence. 
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FIGURE 8a. Double Error Correct Complement Hard Error Method — 2 Hard Errors In Data Bits 





Other Modes of Operation (continued) 
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FIGURE 8b. Double Error Correct Complement Hard Error Method — 1 Hard Error, 1 Soft Error In Data Bits 


The examples shown in Figures 8a and 8b are for 4 data 
bits. This approach will work for any number of data bits, but 
for simplicity these examples show how complementing 
twice corrects two errors in the data bits. The double COM- 
PLEMENT approach also works for any two errors providing 
at least one is hard. In other words, one data-bit error and 
one check bit error, or two check bit errors are also correct- 
ed if one or both are hard. At the end of the COMPLEMENT 
READ cycle, the error flags indicate whether the data was 
correctable or not, as shown in Table XVII. If both the errors 
were soft, then the data was not correctable and the error 
flags indicate this. 


This approach is ideal where double errors are rare but may 
occur. To avoid a system crash, a double-error detect now 
causes the system to enter a subroutine to set the DP8400-2 
in COMPLEMENT mode. This method is also useful in 
bulk-memory applications, where RAMs are used with 
known cell failures, and is applicable in 16, 32, 48 or 64-bit 


configuration. In the 16-bit configuration, modes 1 and 5 of 
Table Ill are used. In the 32-bit expanded configuration, 
modes 1, 5 and 5 are used for the highest chip, and modes 
3, 3 and 4 for the lower chip for WRITE, DETECT, and COR- 
RECT. With the lower chip it is necessary to wrap around 
DOL (after latching its contents in mode 3), back to DIL and 
perform a Normal READ in mode 4 in the lower chip. 


TABLE XVII. ERROR FLAGS AFTER 
COMPLEMENT READ (MODE 5) 


fac[ei|eo| —Errortype 
fo | oo | Two hard errors 


MES ER One hard error, one soft check bit error 
ERewea One hard error, one soft data bit error 
I. de 120 0K Two soft errors, not corrected 
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Other Modes of Operation (continueg) 


DOUBLE-ERROR CORRECT WITH ERROR LOGGING 


Figures 4 and 5 show the E2C2 syndrome port connected to 
an error management unit (EMU). This scheme stores syn- 
dromes and the address of locations that fail, thereby log- 
ging the errors. Subsequent errors in a memory location that 
has already stored syndromes in the EMU, can then be re- 
moved by injecting the stored syndromes of the first error. 
To save the addresses and syndromes when power to the 
EMU is removed, it is necessary to be able to transfer infor- 
mation via the E2C2 syndrome port to the processor data 
bus. This is also useful for logging the errors in the proces- 
sor. Transfer in the opposite direction is also necessary. 


DATA BUS TO SYNDROME BUS TRANSFER 


This is necessary when transferring syndrome information 
to the error management unit, which is connected to the 
external syndrome bus. First, data to make CG = 0 (all data 
bits high) must be latched in DIL. Then in mode 2, data is 
fed to CIL, XOR-ed with 0, and output via SOL with OES low 
to the syndrome bus. Data is therefore fed directly from the 
system to the syndrome bus, and this cycle may be repeat- 
ed as long as DLE is kept low, forcing CG to remain zero. 


SYNDROME BUS TO DATA BUS TRANSFER 


This is important when information in the error logger or 
error management unit has to be read. The DP8400-2 is set 
to mode 6B with OES high, and with OBO, OB1 and OLE 
low. If CSLE is high, the syndrome bus and check bit bus 
data appear on the lower and upper bytes of the data bus to 
be read by the system. Also E1 and E0 values that were 
valid when mode 6 was entered, appear on DQ7 and DQ15. 


FULL DIAGNOSTIC CHECK OF MEMORY 


Using mode 2, it is possible to transfer the upper byte of the 
data bus directly to the CIL, with CSLE high, without affect- 
ing DIL. These simulated check bits then appear on the 
check bit bus with OLE low, which also causes the previous- 
ly latched contents of DIL to transfer to DOL. By enabling 
OBO and OB? data can be written to memory with the simu- 
lated check bits. A Normal READ cycle can then aid the 
system in determining that the memory bits are functioning 
correctly, since the processor knows the check bits and 
data it sent to the E2C2. Another solution is to put the E2C2 
in mode 6 and read the memory check bits directly back to 
the processor. 


SELF-TEST OF THE E2C2 ON-CARD 


Again using mode 2, data written from the processor data 
bus upper byte to CIL may be stored in CIL, by taking CSLE 
low. Next, a mode 0 WRITE can be performed and the user 
generated data can be latched in the DP8400-2 input latch- 
es (DLE held low). Now the user may perform a normal 
mode 4 READ. This will in effect be a Diagnostic READ of 
the user generated data and check bits without using the 
external memory. Thus by reading corrected data in mode 
4, and by reading the generated syndromes, and error flags 
EO and Ei, the DP8400-2 can be tested completely on-card 
without involving memory. 
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MONITORING GENERATED SYNDROMES AND 
MEMORY CHECK BITS 


Mode 6A enables SGO-SG6 onto DQ0-DQ6, and CILO- 
CIL6 onto DQ8-DQ14, provided OLE, OBO and OB7 are 
low. Also the two error flags, E1 and E0 (latched from the 
previous READ mode), appear on DQ7 and DQ15. This may 
be used for checking the internal syndromes, for reading the 
memory check bits, or for diagnostics by checking the 
latched error flags. 


CLEARING SIL 


In the 16-bit only configuration, or the lower chip of expand- 
ed configurations, and in various modes of operation in the 
higher expanded chips, it is required that SIL be maintained 
at zero. At power-up initialization, both SIL and DIL are reset 
to all low. If OES is kept low, SIL will remain reset because 
CSLE is inhibited to SIL. Another method is to keep OES 
always high and the syndrome bus externally set low, or set 
low whenever CSLE can be used to clear SIL. 


Mode 7A also forces the SIL to be cleared whenever CSLE 
occurs, and also these zero syndromes go to the internal 
syndrome bus SG. This puts the DP8400-2 in a PASS- 
THROUGH mode where the DIL contents pass to DOL and 
CIL contents to COL, if OLE is low. 


POWER-UP INITIALIZATION OF MEMORY 


Both SIL and DIL are reset low at power-up initialization. 
This facilitates writing all zeroes to the memory data bits to 
set up the memory. The check bits corresponding to all-zero 
data will appear on the check bit bus if the DP8400-2 is set 
to mode 0 and OLE is set low. All-zero data appears on the 


data bus when OBO and OB7 are also set low. The system 
can now write zero-data and corresponding check bits to 
every memory location. 


BYTE WRITING 


Figure 14a shows the block diagram of a 16-bit memory 
correction system consisting of a DP8400-2 error correction 
chip and a DP8409A DRAM controller chip. There are 12 
control signals associated with the interface. Six of the sig- 
nals are standard DP8400-2 input signals, three are stan- 
dard DP8409A input signals, and three are buffer control 
signals. The buffer control signals, PBUFO and PBUF1, con- 
trol when data words or bytes from the DP8400-2/memory 
data bus are gated to the processor bus and when data 
words or bytes from the processor are gated to the DP8400- 
2/memory data bus. 


When the processor is reading or writing bytes to memory, 
words will always be read or written by the DP8400-2 and 
DP8409A error correction and DRAM controller section. 
The High Byte Enable and Address Data Bit Zero signals 
from the processor should control the byte transfers via the 
ocal bus transceiver signals PBUFO and PBUF1. The buffer 
control signal, DOUTB, controls when data from memory is 
gated onto the DP8400-2/memory data bus. 


Figure 14b shows the timing relationships of the 12 control 
signals, along with the DP8400-2/memory data bus and 
some of the DRAM control signals (RAS and CAS). RGCK is 
the RAS generator clock of the DP8409A which is used in 
Mode 1 (Auto Refresh mode), along with being the system 
clock. 





Other Modes of Operation (continued) 


Having two separate byte enable pins, OBO and OB1, it is 
easy to implement byte writing using the DP8400-2. First it is 
necessary to read from the location to which the byte is to 
be written. To do this the DP8400-2 is put in normal Read 
mode (Mode 4), which will detect and correct a single bit 
error. WIN is kept high and RASIN is pulled low, causing the 
DP8409A, now in Mode 5 (Auto Access mode), to start a 
read memory cycle. The data word and check bits from 
memory are then enabled onto the DP8400-2/memory data 
bus by pulling DOUTB low. The data and check bits are 
valid on the bus after the RASIN to CAS time (trac) plus the 
column access time (tcac) of the particular memories used. 
DLE, CSLE can then be pulled low in order to latch the 
memory data into the input latches of the DP8400-2. OLE 
can be pulled low to enable the corrected memory word, or 
the original memory word if no error was present, into the 
data output latches. Following this, DOUTB can be pulled 
high to disable the memory data from the DP8400-2/memo- 
ry data bus. The corrected memory word will be available at 
the data output latches “tpcpig¢” after the memory word 
was available at the data input latches. Once the corrected 
data is available at the output latches OLE can be pulled 
high to latch the corrected data. Also DLE and CSLE can be 
pulled high in order to enable the input data latches again. 


Now the DP8400-2 can be put into a write cycle (Mode 0 = 
M2 = Low). At this time the byte to be written to memory 
and the other byte from memory can be enabled onto the 
DP8400-2/memory data bus (OBO, PBUF1 or OB1, PBUFO 
go low). DLE, CSLE can now transition low to latch the new 
memory word into the data input latch. OLE is pulled low to 
enable the output latches. When the new checkbits are val- 
id, tpcpie after the data word is valid on the DP8400-2/ 


memory data bus, OLE and DLE can be pulled high to latch 
the new memory word into the output latches, and then WIN 
can be pulled low to write the data into memory. RASIN 
should be held low long enough to cause the new data and 
check bits to be stored into memory (WIN data hold time). 
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Also a READ-MODIFY-WRITE cycle was performed, taking 
approximately 40% longer than a normal memory WRITE 
cycle. A READ and then a WRITE memory cycle could have 
been used in the above example but it would have taken 
longer. 

Buffers are used in this system (74ALS244) to keep the 
Data Out and Data In of the memory IC’s from conflicting 
with each other during Read-Modify-Write cycles. 


A byte READ from memory is no different from a normal 
READ. This approach may be used for a 16-bit processor 
using byte writing, or an 8-bit processor using a 16-bit mem- 
ory to reduce the memory percentage of check bits, or with 
memory word sizes greater than two bytes. 


An APP NOTE (App Note 387) has been written detailing an 
Error Correcting Memory System using the DP8409A or 
DP8419 (Dynamic RAM Controller) and the DP8400-2 inter- 
faced to a National Semiconductor Series 32000 CPU. See 
this App Note for further system details and considerations. 


BEYOND SINGLE-ERROR CORRECT 


With the advent of larger semiconductor memories, the fre- 
quency of the soft errors will increase. Also some memory 
system designers may prefer to buy less expensive memo- 
ries with known cell, row or column failures, thus, more hard 
errors. All this means that double-error correct, triple-error 
detect capability, and beyond will become increasingly im- 
portant. The DP8400-2 can correct two errors, provided one 
or both are hard errors, with no extra components, using the 
double complement approach. There are two other ap- 
proaches to enhance reliability and integrity. One is to use 
the error management unit to log errors using the syndrome 
bus, and then to output these syndromes, when required, 
back to the DP8400-2. 


DOUBLE SYNDROME DECODING 


The other approach takes advantage of the Rotational Syn- 
drome Word Generator matrix. This matrix is an improve- 
ment of the Modified Hamming-code, so that if, on a second 
DP8400-2, the data bus is shifted or rotated by one bit, and 
2 errors occur, the syndromes for this second chip will be 
different from the first for any 2 bits in error. Both chips 
together output a unique set of syndromes for any 2 bits in 
error. This can be decoded to correct any 2-bit error. This is 
not possible with other Modified Hamming-code matrices. 
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DP8400-2 


Absolute Maximum Ratings (note 1) Operating Conditions 
Storage Temperature Range ~65°C to + 150°C Min - Max 
Supply Voltage, Voc 7V Voc, Supply Voltage 4.75 5.25 
Input Voltage 5.5V Ta, Ambient Temperature 0 70 
Output Sink Current 50 mA 
Maximum Power Dissipation at 25°C 

Molded Package 3269 mW 


Lead Temperature (Soldering, 10 seconds) 300°C 
*Derate molded package 26.2 mW/°C above 25°C. 


Electrical Characteristics (Note 2) Voc = 5V +5%, Ta = 0°C to 70°C unless otherwise noted 


symbol__| ___Parameter_—|_—Conditions_ =| Min. | Typ | Max | Units 
Vi | tnputLowThreshoid [| | | CL 
Vin patti Testers __f _{ go |_| __| 
Vo Voc = Min, Io = —18mA 
i 
lig (XP) Voc = Max, XP = 5.25V 
ht XP) 
I (BPO/C7) Voc = Max, Vin = 0.5V 
i (@PA/S7) 
ht (CSLE) 
I (OLE) Voc = Max, Vin = 0.5V 
|_InputHigh Current (Max) | Vin=s8V(ExceptxPrin) | | |. 


Output Low Voltage lo. = 8 mA (Except BPO, BP1) 
lo. = 4mA (BPO, BP1 Only) 
Output High Voltage lon = —100 pA 2.7 
lon = —1mA 2.4° 
Output Short Current Voc = Max ~—150 
(Note 3) 


loc Supply Current 
Cin (170) Input Capacitance All Note 4 

Bidirectional Pins 
Cin Input Capacitance All Note 4 

Unidirectional Input Pins 


Note 1: “Absolute Maximum Ratings” are the values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation. 

Note 2: All typical values are for Ta= 25°C and Voc =5.0V 

Note 3: Only one output at a time should be shorted. 


Note 4: Input capacitance is guaranteed by periodic testing. F test= 10 kHz at 300 mV, Ta= 285°C. 
Note 5: All switching parameters measured from 1.5V of input to 1.5V of output. Input pulse amplitude OV to 3V, tp=t=2.5 ns. 
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DP8400-2 Switching Characteristics (Note 5) 
Veco = 5.0V +5%, Ta = 0°C to 70°C, C, = 50 pF 


Symbol 
on [See fee 
eee 
woe | SSE, emma | 
= [Stars [eee [fT 
= [meer [ewe fe fe 
= [eran [ee fe fe 
wo [emt [we fe [eT 
tpEo — 9b, 10b, 13d 

toe BES Va ae 


DLE, CSLE High to Any 

tlev Error Flag Valid (Input Figure 10b 45 
Data Previously Valid) 
DLE, CSLE High to Any : 

is Error Flag Invalid alee aa | ff aw 


DLE, CSLE High Width to 
tile Guarantee Valid Data Figures 10b, 13d 
Latched 


OLE Low Width to 
toLe Guarantee Valid Data Figure 13d 
Latched 


2-00P8dd 





High Impedance to Logic 
ZH 1 from OBO, OB1, OES Figures 9b, 10b, 13d 
M2HtoL 


Logic 1 to High 
tHz Impedance from OBO, Figures 9b, 10b, 13d, 
OB1, OES, M2 LtoH 


High Impedance to Logic 

tz, 0 from OBO, OB1, OES Figures 9b, 10b, 13d 
M2 HtoL 
Logic 0 to High 

tiz Impedance from OBO, Figures 9b, 10b, 13d 
OBT, OES, M2 H toL 


Byte Parity Input Valid : 

‘PPE to Parity Error Flags Valid pgue 22 as 
Data In Valid to Parity ‘ 

‘DPE Error Flags Valid eae eee fe | | 
Data in Valid to Corrected : 

oo Byte Parity Output Valid ee Pf we fi 
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DP8400-2 


DP8400-2 Switching Characteristics (continued) (Note 5) 
Voc = 5.0V +5%, Ta = 0°C to 70°C, a = 50 a 


Symbol | ss Parameter 


Mode Valid to : 
2 Complement Data Valid ace | fs |e | 


Mode Valid to 

tocv Complement Check Bit Figure 116 45 
Valid 
Syndrome Input Valid to : 
Syndrome Input Valid ; 

‘sev (CGL) to Any Error Valid i tia fe A ee 
Syndrome Inputs Valid to , 
Data Input Valid to i paverad 

8 

oe Syndrome Bus Valid ee ee fe |e 
Check Bit Inputs Valid : mee 

oa to Syndrome Bus Valid Baldi ieee saa ete 
Check Bit Inputs Valid : 

ua (PSH) to Any Error Valid eaubtiis meses 
Check Bit Input Valid 

tccb (PSH) to Corrected Data Figure 13d 
Valid 
Data Input Valid to Check : 
Data Input Valid to Any : 
Data Input Valid to . man AGT 


Note 1: “Absolute Maximum Ratings” are the values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation. 


Note 2: All typical values are for Ta=25°C and Voc=5.0V. 

Note 3: Only one output at a time should be shorted. 

Note 4: Input capacitance is guaranteed by periodic testing. F test= 10 kHz at 300 mV, Ta=25°C. 

Note 5: All switching parameters measured from 1.5V of input to 1.5V of output. Input pulse amplitude OV to 3V, t,=th=2.5 ns. 
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meee Applications 
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SYNDROME BUS 
CHECK BIT BUS 


TL/F/6899-17 
FIGURE 9a. DP8400-2 16-Bit Configuration, Normal WRITE with Byte Parity Error Detect lf Required 
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TL/F/6899-18 
FIGURE 9b. DP8400-2 16-Bit Configuration, Normal WRITE and Normal READ Timing Diagram 
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TL/F/6899-19 
FIGURE 10a. DP8400-2 16-Bit Configuration, Normal READ — Detect Error (And Correct if Required---) 
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nea. TL/F/6899-20 
Note 1: If rewriting correct data and CBs to same location and single data error was detected. 
Note 2: If rewriting correct data and CBs to same location and single check bit was detected. 


FIGURE 10b. DP8400-2 16-Bit Configuration, DETECT THEN CORRECT Timing Diagram 
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Typical Applications (Continued) 
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TL/F/6899-21 
FIGURE 11a. DP8400-2 16-Bit Configuration, COMPLEMENT WRITE 


TO REMOVE COMPL IN 
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DATA BUS MEMORY DATA Z OMPLEMENTED DI MEMORY DATA (D1) CORMECTED Gi 
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Note 3: If rewriting corrected data and CBs back to same location and 1 soft data bit error was detected. 
Note 4: If rewriting corrected data and CBs back to same location and 2 hard errors or 1 soft check bit was detected. 
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FIGURE 11b. DP8400-2 16-Bit Configuration, Detect 2 Errors, COMPLEMENT WRITE, 
COMPLEMENT READ, Output Corrected Data Timing Diagram 
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DP8400-2 


Typical Applications (Continued) 
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FIGURE 1 1c. DP8400-2 16-Bit Configuration, COMPLEMENT READ and Output Corrected If One or Two Hard Errors 
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Typical Applications (continued) 
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FIGURE 12a. DP8400-2 16-Bit Configuration, Diagnostic WRITE, READ. Data Bus to Check Bit Bus or Syndrome Bus 
(Providing DI = HIGH in Previous Cycle to Set CG = All Zero For Transfer to S) 
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FIGURE 12b. DP8400-2 16-Bit Configuration, Monitor on Data Bus — Memory Check Bits 
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Typical Applications (Continued) 
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FIGURE 13a. DP8400-2 3 
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Typical Applications (Continued) 
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DP8400-2 (H) 
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Typical Applications (Continued) 


DP8400-2 (H) 


DP8400-2 (L) 
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MEM WRITE 
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FIGURE 13d. DP8400-2 32-Bit Configuration, WRITE, DETECT and CORRECT Sets Diagram 
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FIGURE 14a. DP8400-2/8409A System Interface Block Diagram (See Figure 14b for Byte Write Control! Timing) 





Typical Applications (Continue) 
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FIGURE 14b. DP8400-2 16-Bit Configuration, Byte Write Timing 
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Typical Applications (Continuea) 
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FIGURE 15. Timing Waveform for Set-Up and Hold Time 
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TL/F/6899-33 
(a) TRI-STATE LOAD (b) TEST LOAD 
FIGURE 16. Loading Circuit 
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FIGURE 17. TRI-STATE Measurement 
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DP8402A/DP8403/DP8404/DP8405 32-Bit Parallel 
Error Detection and Correction Circuits (EDAC’s) 


General Description 


The DP8402A, DP8403, DP8404 and DP8405 devices are 
32-bit parallel error detection and correction circuits 
(EDACs) in 52-pin DP8402A and DP8403 or 48-pin DP8404 
and DP8405 600-mil packages. The EDACs use a modified 
Hamming code to generate a 7-bit check word from a 32-bit 
data word. This check word is stored along with the data 
word during the memory write cycle. During the memory 
read cycle, the 39-bit words from memory are processed by 
the EDACs to determine if errors have occurred in memory. 


Single-bit errors in the 32-bit data word are flagged and cor- 
rected. 


Single-bit errors in the 7-bit check word are flagged, and the 
CPU sends the EDAC through the correction cycle even 
though the 32-bit data word is not in error. The correction 
cycle will simply pass along the original 32-bit data word in 
this case and produce error syndrome bits to pinpoint the 
error-generating location. 

Double bit errors are flagged but not corrected. These er- 
rors may occur in any two bits of the 39-bit word from mem- 
ory (two errors in the 32-bit data word, two errors in the 7-bit 
check word, or one error in each word). The gross-error 


System Environment 


PRELIMINARY 


condition of all lows or all highs from memory will be detect- 
ed. Otherwise, errors in three or more bits of the 39-bit word 
are beyond the capabilities of these devices to detect. 
Read-modify-write (byte-control) operations can be per- 
formed with the DP8402A and DP8403 EDACs by using out- 
put latch enable, LEDBO, and the individual OEBO thru 
OEBS byte control pins. 

Diagnostics are performed on the EDACs by controls and 
internal paths that allow the user to read the contents of the 
DB and CB input latches. These will determine if the failure 
occurred in memory or in the EDAC. 


Features 

m Detects and corrects single-bit errors 

m Detects and flags double-bit errors 

@ Built-in diagnostic capability 

m Fast write and read cycle processing times 

m Byte-write capability ... DP8402A and DP8403 

mw Fully pin and function compatible with TI's 
SN74ALS632A thru SN74ALS635 series 


CONTROL 
PROCESSOR 


2 


ERROR FLAGS 


EDAC 
DP8402 





CHECK BITS 
& SYNDROME | 
by Wicd ’ 


MEMORY 


TL/F/8535-1 
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DP8402A/ DP8403/ DP8404/ DP8405 


Simplified Functional Block and Connection Diagrams 


7 
GENERATOR 


CONTROL 
& OUTPUT 7 
ENABLE 


ERROR a 

DETECTION & peeoner ({—— 

CORRECTION MODE 
SIGNALS 


TL/F/8535-2 


| Device | Package | Byte-Write | Output | 
es 





DP8402A y TRI-STATE® 
DP8403 yes Open-Collector 
DP8404 no TRI-STATE 
DP8405 no Open-Collector 


Dual-In-Line Packages Plastic Chip Carrier 
EE Qe maa 
BIaSoaessae 


2229 200°9° 0 
OoVBoneaeg 
wn 


TL/F/8535-11 


Order Number DP8402AV 


See NS Package Number V68A 
TL/F/8535-3 


TL/F/8535~-10 
Top View 


Top View 


Order Number DP8402AD, 
DP8403D, DP8404D or DP8405D 
See NS Package Number D48A or D52A 
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Mode Definitions PCC Pin Definitions DP8402A 


MODE PINNAME DESCRIPTION * pint Voc pin 35 OECB 
$1 $0 MODE OPERATION 2 LEDBO 36 CB3 
0 L L WRITE Input dataword and output MERA 37 CB2 
checkword =n 
1 L H DIAGNOSTICS _ Input various data words ate ss mit 


against latched 
checkword/output valid DB1 40 DB16 
error flags. DB2 A DB17 
H L READ &FLAG Input dataword and output NC 42 NC 
error flags NC 43 NC 
H H CORRECT Latched input data and NC 44 DB18 
checkword/output 45 DBi9 
corrected data and 46 DB20 
syndrome code 47 DB21 


48 OEB2 


SOP8dC /POP8dd /E0P8dG /Vc0r8da 


Pin Definitions , 
So, $1 Control of EDAC mode, see preceding 9 DB22 

Mode Definitions 50 DB23 
DBO thru DB31 1/0 port for $2 bit dataword. 51 GND 
CBO thruCB6 1/O port for 7 bit checkword. Also output 52 GND 

port for the syndrome error code during 53 DB24 

error correction mode. 54 DB25 
OEBO thru Dataword output buffer enable. When high, EBT 55 OEB3 
OEB3 output buffers are at TRI-STATE. Each pin 56 DB26 
(DP8402A, controls 8 !/O ports. OEBO controls DBO 57 DB27 
DP8403) thru DB7, OEB1 controls DB8 thru DB15, 

OEB? controls DB16 thru DB23 and OEB3 58 DB28 

controls DB24 thru DB31. 59 NC 
LEDBO Data word output Latch enable. When high 60 NC 
(DP8402A, it inhibits input to the Latch. Operates on all 61 NC 
DP8403) 32 bits of the dataword. 62 NC 

TRI-STATE control for the data I/O port. 63 

When high output buffers are at 64 

TRI-STATE. 65 

Checkword output buffer enable. When 

high the output buffers are in TRI-STATE oe 

mode. 67 

Single error output flag, a low indicates at 68 

least a single bit error. 

Multiple error output flag, a low indicates 

two or more errors present. 


TABLE I. Write Control Function 


DB Control | DB Output Latch Error Flags 


= pions ee Check I/O | Control ERR MERA 


tSee Table |! for details on check bit generation. 


Memory Write Cycle Details 


During a memory write cycle, the check bits (CBO thru CB6) 2. These seven check bits are stored in memory along with 

are generated internally in the EDAC by seven 16-input pari- the original 32-bit data word. This 32-bit word will later be 

ty generators using the 32-bit data word as defined in Table used in the memory read cycle for error detection and cor- 
rection. 
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DP8402A/ DP8403/ DP8404/ DP8405 


TABLE Il. Parity Algorithm 
32-Bit Data Word 
23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 
X X X X X X X 


Check Word 
Bit 31 30 29 28 27 26 25 24 
CBO xX xX x xX 


543210 


CB1 xX Xx xX 

CB2 xX X 

CB3 xX 

CB4 

CB5 X xX X 

CB6 X x X 
The seven check bits are parity bits derived fro! 


Memory Read Cycle (Error 
Detection & Correction Details) 


During a memory read cycle, the 7-bit check word is re- 
trieved along with the actual data. In order to be able to 
determine whether the data from the memory is acceptable 
to use as presented on the bus, the error flags must be 
tested ta determine if they are at the high level. 


The first case in Table Ill represents the normal, no-error 
conditions. The EDAC presents highs on both flags. The 


X 
X 


X 


X 


X X X 


X X X xX 
X X X X 


X 
X 
X 


X 
X X X X X XX 


the matrix of data bits as indicated by “‘X” for each bit. 


next two cases of single-bit errors give a high on MERR and 
a low on ERR, which is the signal for a correctable error, 
and the EDAC should be sent through the correction cycle. 
The last three cases of double-bit errors will cause the 
EDAC to signal lows on both ERR and MERR, which is the 
interrupt indication for the CPU. 


TABLE Ill. Error Function 


Total Number of Errors 
32-Bit Data Word, 7-Bit Check Word 


The DP8402 check bit syndrome matrix can be seen in TA- 
BLE Il. The horizontal rows of this matrix generate the 
check bits by selecting different combinations of data bits, 
indicated by “X’’s in the matrix, and generating parity from 
them. For instance, parity check bit ‘‘0” is generated by 
EXCLUSIVE NORing the following data bits together; 31, 
29, 28, 26, 21, 19, 18, 17, 14, 11, 9, 8, 7, 6, 4, and 0. 
During a WRITE operation (mode 0) the data enters the 
DP8402 and check bits are generated at the check bit in- 
put/output port. Both the data word and the check bits are 
then written to memory. 


During a READ operation (mode 2, error detection) the data 
and check bits that were stored in memory, now possibly in 


ae ee rags Data Correction 


Not applicable 
Correction 
Correction 

Interrupt 
Interrupt 
Interrupt 


error, are input through the data and check bit I/O ports. 
New check bits are internally generated from the data word. 
These new check bits are then compared, by an EXCLU- 
SIVE NOR operation, with the original check bits that were 
stored in memory. The EXCLUSIVE NOR of the original 
check bits, that were stored in memory, with the new check 
bits is called the syndrome word. If the original check bits 
are the same as the new check bits, a no error condition, 
then a syndrome word of all ones is produced and both 
error flags (ERR and MERR) will be high. The DP8402 ma- 
trix encodes errors as follows: 


TABLE IV. Read, Flag, and Correct Function 


DB Control 
OEBn or 


Read 


Latch input 
data and check 
bits 
' Output 
corrected data 
& syndrome bits 
+See Table Ilt for error description. 
+See Table V for error location. 


Output 
corrected 
data word 
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DB Output Latch Error Flags 


ERR MERR 


Enabled* 


check word Enabled? 


latched 


Output 


syndrome Enabled? 





Memory Read Cycle (Error Detection & Correction Details) (continued) 
2) A single check bit error will cause that particular check bit 


1) 


Syndrome Bits 


LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LoL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LoL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
L 


L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


rc 


Single data bit errors cause 3 or 5 bits in the syndrome 
word to go low. The columns of the check bit syndrome 
matrix (TABLE Il) are the syndrome words for all single bit 
data errors in the 32 bit word (also see TABLE V). The 
data bit in error corresponds to the column in the check 
bit syndrome matrix that matches the syndrome word. 
For instance, the syndrome word indicating that data bit 
31 is in error would be (CB6-CB0) = 0001010”, see the 
column for data bit 31 in TABLE JI, or see TABLE V. 
During mode 3 (SO = S1 = 1) the syndrome word is 
decoded, during single data bit errors, and used to invert 
the bit in error thus correcting the data word. The correct- 
ed word is made available on the data |/O port (DBO thru 
DB31), the check word I/O port (CBO thru CB6) presents 
the 7-bit syndrome error code. This syndrome error code 
can be used to locate the bad memory chip. 


to go low in the syndrome word. 


3) A double bit error will cause an even number of bits in the 


syndrome word to go low. The syndrome word will then 
be the EXCLUSIVE NOR of the two individual syndrome 
words corresponding to the 2 bits in error. The two-bit 
error is not correctable since the parity tree can only 
identify single bit errors. 


If any of the bits in the syndrome word are low the “ERR” 
flag goes low. The “MERR” (dual error) flag goes low during 
any double bit error conditions. (See Table lil). 


Three or more simultaneous bit errors can cause the EDAC 
to believe that no error, a correctable error, or an uncorrect- 
able error has occurred and will produce erroneous results 
in all three cases. It should be noted that the gross-error 
conditions of all lows and all highs will be detected. 


TABLE V. Syndrome Decoding 


Syndrome Bits er 


LLLL 
LLLH 
LLHL 
L L HH 
LHLL 
L HLH 
L HHL 
L HHH 
HLLL 
HL LH 
HLHL 
H L HH 
HHLL 
HH LH 
HHHL 
HH HH 
LLLEL 
LLLH 
LLHL 
LL HH 
LHULL 
L HLH 
LHHL 
L HHH 
HLLEL 
HLLH 
HLHL 
HLHH 
HHLL 
HH LH 
HHHL 
H HHH 


aaah) el oom Oc coc) ac) els sea) oe cc ee eld (A ad ce a ee ee le ee Ec ee ed oe ceo pee cd OS ee 
os CASS EQS) gmat ges ro GR WS SS |e Gees SRN GS: CA Yop eine! gs ee Ol (os Cm Glam Sa RE] Cs Page gee Cages a] Ue Aes esd meee! aig ad Cees le a 2 
ZEEE he LETTE SIS LT llr cere eer ec leo erie ec ce 
pal cae apm EPR A Ota pe emcee] Bd Sa DRED le CNS Waa cc coe me) (0 Re CR COM CO peel eae fal (dO Met Gas GE co cea col] oe 
Terr |rTtrr|JtTrtrryToirryLToTrryjLoTrr|yjroriIrrlJrire 
Pee Poe Leer Le yee ee bE ee | ee eae ee eee ae 


Se: ae: Oe: | Ee ES Eee SE eee ee ee ee ee ee Pe Ee ee een een a eee eer 


CB X = error in check bit X 

DB Y = error in data bit Y 

2-bit = double-bit error 

unc = uncorrectable multibit error 
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Syndrome Bits eon 


TItTTjITITTTITITIITTITITTrTyTITrTryrTIrTrryrTrTrTryjrTirTirTt 
cn a ee eee ee ee ee ee ee 0 ee ee Oe Oe ee ee 


oe a | LE a DES See ee eee oe ee eee ee oe 


Syndrome Bits 


2-bit 


BTITtTTITFTTATIrerer wr yO TrT Ker yLTTTTITITT TIO er ere yr eee 
ITGTTTIrrerryLTTITLiJrorr er yLTTTLtIJrer rer yt rr rIreree er 
2 SRN aerial ald (SRS peed ce ft lO ac come Ge Oe CO eee aa] Ge En BD cc comer (WC eae ce MO el eed Ul GS PS a 
TTTITyITITIITIITILTZIITITITTTIJTITrITITIITITyJTIITIrTyTITrTTT 
Bs cg BS ee as pel TE Tee les Qa GQ GH | PO OR ET TE A pe a pt eel (a Cee | | 0 es ca coe i Sad a ra 
TIeITETEAITIOITATIJrerr- wr yjrr rr yTTTTIT TT TIJr err cry roe eK 
TITATEIFrOrOKrr [TTT TIJFOKK-KFyLT TIT TIJrPHOKOer Tr yrT rT rT rir ere 
DToIerriIjTrrryLOeRrryTPDIOOreO-l|LTorrizttrrr|JLTorr|jrire 


GFrTTIrTrTrTrTiz~rTrrlyrTrTrTryrTTrTIrTrjTITrTrTIrTrTrTiryrTiriTt 
TFretiry;rTrTryT~rTrjTTFITryJTOKOrTryjJTrrryjrTerertroyreir 
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TABLE VI. Read-Modify-Write Function 


MEMORY 
CYCLE 


EDAC FUNCTION conta BYTEnt 


s 
Read & Flag H 
H 
H 


Latch input data 


& check bits latched 


Output 
data 
word 

latched 


Latch corrected 
data word into 
output latch 


Input 
Modify appropriate modified 
byte or bytes & 
generate new 


check word 


1 So 
L 
H 
H 
L L 


unchanged 


TOEBO controls DBg-DB7 (BYTEO), OEB1 controls DBg-DBy5 (BYTE1), OEB2 controls DB16-D823 (BYTE2), OEB3 controls DB24-DB31 (BYTES). 


Read-Modify-Write (Byte Control) 


Operations 


The DP8402A and DP8403 devices are capable of byte- 
write operations. The 39-bit word from memory must first be 
latched into the DB and CB input latches. This is easily ac- 
complished by switching from the read and flag mode (S1 = 
H, SO = L) to the latch input mode (S1 = H, SO = H). The 
EDAC will then make any corrections, if necessary, to the 
data word and place it at the input of the output data latch. 
This data word must then be latched into the output data 
latch by taking LEDBO from a low to a high. 


Byte control can now be employed on the data word 
through the OEBO through OEBS controls. OEBO controls 
DBO-DB7 (byte 0), OEB1 controls DB8-DB15 (byte 1), 
OEB2 controls DB16-DB23 (byte 2), and OEB3 controls 
DB24-DB31 (byte 3). Placing a high on the byte control will 
disable the output and the user can modify the byte. If a low 
is placed on the byte control, then the original byte is al- 
lowed to pass onto the data bus unchanged. If the original 
data word is altered through byte control, a new check word 
must be generated before it is written back into memory. 
This is easily accomplished by taking control S1 and SO low. 
Table VI lists the read-modify-write functions. 
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ERROR FLAG 
ERR MERR 


Enabled 


check word Enabled 


latched 


Output 
Syndrome 


Enabled 


check word 


Diagnostic Operations 


The DP8402A thru DP8405 are capable of diagnostics that 
allow the user to determine whether the EDAC or the mem- 
ory is failing. The diagnostic function tables will help the 
user to see the possibilities for diagnostic control. 


In the diagnostic mode (S1 = L, SO = H), the checkword is 
latched into the input latch while the data input remains 
transparent. This lets the user apply various data words 
against a fixed known checkword. If the user applies a diag- 
nostic data word with an error in any bit location, the ERR 
flag should be low. If a diagnostic data word with two errors 
in any bit location is applied, the MERR flag should be low. 
After the checkword is latched into the input latch, it can be 
verified by taking OECB low. This outputs the latched 
checkword. With the DP8402A and DP8403, the diagnostic 
data word can be latched into the output data latch and 
verified. It should be noted that the DP8404 and DP8405 do 
not have this pass-through capability because they do not 
contain an output data latch. By changing from the diagnos- 
tic mode (S1 = L, SO = H) to the correction mode (S1 = H, 
SO = H), the user can verify that the EDAC will correct the 
diagnostic data word. Also, the syndrome bits can be pro- 
duced to verify that the EDAC pinpoints the error location. 
Table Vil DP8402A and DP8403 and Table VIII DP8404 and 
DP8405 list the diagnostic functions. 








TABLE VII. DP8402A, DP8403 Diagnostic Function 





CONTROL Dee Poe ouseon ERROR FLAGS 
EDAC FUNCTION DATA I/O onnen wre ERR MERR 


Input correct Input correct H H 
data word check bits 





Read & flag 
Latch input check inode Input 
word while data - : check bits 
, : diagnostic Enabled 
input latch remains latched 
data wordt 
transparent 
Latch diagnostic Input 


Output latched L 
check bits Enabled 


= 

hated 
Output 

H syndrome Enabled 
bits 

ae 


data word into 
output latch 


diagnostic 
data wordt 









diagnostic Enabled 


data word 


word & output 
syndrome bits 


= = x re — 
x= x= x =x x= 


Latch diagnostic mput : 
: diagnostic 
data word into 
input latch peer 
| : latched 
Output 
Output diagnostic Output syndrome L 
' data word & diagnostic bits Enabled 
syndrome bits data word 
Output corrected Output Output 
diagnostic data corrected syndrome L 
| 





tDiagnostic data is a data word with an error in one bit location except when testing the MERR error flag. In this case, the diagnostic data word will contain errors in 
two bit locations. 


TABLE Vill. DP8404, DP8405 Diagnostic Function 


EDAC FUNCTION ee DATA I/O DB clas CHECK 1/0 a ERROR FLAGS 
ERR MERR 
Input correct Input correct H 4 
data word check bits 


Read & flag 


Latch input check 





: ; Input Input 
bits while data L H diagnostic check bits H Enabled 
input latch remains 
data wordt latched 
’ transparent 
Input : 
Output input L —-H_| diagnostic euipet input L Enabled 
check bits data wordt check bits 
data into H HP be g ; ynmome Ot Enabled 
input latch ata wor 
latched 
Output corrected Output corrected Output 
diagnostic H H diagnostic evieone bits Enabled 


t+Diagnostic data is a data word with an error in one bit location except when testing the MERR error flag. In this case, the diagnostic data word will contain errors in 
two bit locations. 
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DP8402A, DP8403 Logic Diagram (Positive Logic) 
































DECODER 
SYNDROME 
see A al GENERATOR 
sf 21 7 =i 
ae a teol 
1 ey 
i L CHECK=BIT ae 
: GENERATOR - 
CBO=CBE 7 cs 
e a 
Fe — 
ECB ERROR 
ee = DETECTOR 
C1 
DB0=DB7 8 si bs 
DB8-DB15 ies a re -_ 
DB16-0823 A 
DB24=DB31 aes 
8 
eB BIT -IN- 
a ia ERROR ERROR 
Bike CORRECTOR DECODER 
oEBt " LATCHES i 





OCI 


OEB2 =: a 
— 

OEB3 O 
| 

LEDBO 


DP8402A HAS TRI“STATE (\7) CHECK=BIT AND DATA OUTPUTS. 
DP8403 HAS OPEN=COLLECTOR (<>) CHECK=BIT AND DATA OUTPUTS. 
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DP8404, DP8405 Logic Diagram (Positive Logic) 


DECODER 
SYNDROME 
XY 9 GENERATOR 


0 


CHECK=BIT 
GENERATOR 
(See Table 2) 


ERROR 
DETECTOR 
(See Table 3) 


DBO-DB31 


BIT -IN=- 
ERROR 
ERROR 
CORRECTOR DECODER 


BUFFERS EN 


DP8404 HAS TRI@STATE (\/) CHECK=BIT AND DATA OUTPUTS. 
DP8405 HAS OPEN=COLLECTOR (<>) CHECK=BIT AND DATA OUTPUTS. 
TL/F/8535-5 
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Absolute Maximum Ratings 


Specifications for Military/Aerospace products are not 
contained in this datasheet. Refer to the associated 
reliability electrical test specifications document. 


Over Operating Free-Air Temperature Range (unless otherwise noted) 

Supply Voltage, Vcc (See Note 1) 7V Operating Free-Air Temperature: Military —55°C to + 125°C 

Input Voltage: CB and DB 5.5V Commercial 0° to + 70°C 
All Others 7vV Storage Temperature Range —65°C to + 150°C 


Recommended Operating Conditions 


om [| ol 


Voc__[Supplyvotage | sd | | 85 Jas] 5 | 55 | 
Viw__[High-LevelinputVoltage | CT | |Tv 
poetertepe em Fe v 

ERR Or MERA || feost | | -0 
ee re eencaaeiaeat | eee = 
mere EEE ES 


(1) Data And Check Word Before SO T 
Roe eae = H) 


|(2)SOHighBeforeTEDBOT (Si=Hyt | 45{ | [ast | | 


(3) LEDBO High Before The Earlier 
of SO - or S1 - t 


SsupTine |W TEDBGHighBetoresttso=H) | o | | [ol | | 


= ae Data Word Before S1 T 15 40 
(SO = H) 
(6) Diagnostic Check Word Before 10 
The Later Of S1 | or SOT 
(7) Diagnostic Data Word Before 
LEDBO T (S1 = Land SO = H)+ 
(8) Read-Mode, SO Low And St High 135] | of aof 6] 
(9) Data And Check Word After 45 
So T (S1 = H) 
heat (10) Data Word After S1 T (SO = H) F200] | fast || 
(11) Check Word After The Later 
of S1} or SOT 
(12) Diagnostic Data Word After 
LEDBO T (S1 = LAnd SO = H)t 


teorr Correction Time = Figure is 


TA Se Oe ES 


“This specification may be interpreted as the maximum delay to guarantee valid corrected data at the output and includes the t,, setup delay. 
tThese times ensure that corrected data is saved in the output data latch. 
These times ensure that the diagnostic data word is saved in the output data latch. 
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DP8402A, DP8404 Electrical Characteristics 


Over Recommended Operating Free-Air Temperature Range (unless otherwise ae 


rere | mcf a 
a ee 


—_| Yeo = a8¥e4= =18ma__| 
a Seer eer eee ee me ee ee 
once peosstume= ims fea fap [Pt 
[Voo=4.5Vilon=-26ma | | | | | 2 | | 
ee ee ee 
EA a SET 
CEE eT aT OE OT 
|soorst | voc=ssvw=r | 
Voc = 5.5V, Vj = 5.5V 
Voc = 5.5V, Vj = 2.7V 
Voc = 5.5V, V; = 0.4V 
P| voo=savivo=2av | a0 | |-nal -o | | —ne 
| [Voc =s.8viseonotety | | 180 | 250 | | 150 | 280 | 
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DP8403, DP8405 Electrical Characteristics 


Over Recommended Operating Free-Air Temperature Range (unless otherwise es 


pe | meee eT 
Fp Wee Pres (ae (ES 


jp —_| oo = 484.4 —18mA_ 
Seana ee ee 
ae ee 
wena Loos 4Sviln=4ma | os | 04 | | 025 | 04 
oo=45viin=ema | | | |} ess] os | 
mow Pesisiacus fost fase 
[Vec=48Vion=24ma | | S| ST 
|soorsi | Voc=sevivi=7v | ST 
Voc = 5.V, Vy = 5.5V 


$0 or S1 


Voc = 5.5V,V) = 2.7V 
All otherst os ; 


Sdorsi 
auotherst | “°° = 5.5V, V; = 0.4V 
All | Allotherst | 


ERR or MERR | Vcc = 5.5V, I Vcc =5.5V,Vo=225V = 2.25V 


eee ee 


TAIl typical values are at Vocg = 5V, Ta = +25°C. 

+For 1/0 ports (Qa through Qy4), the parameters I; and ly include the off-state output current. 

§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, log. 
Note 1: Icc is measured with SO and S1 at 4.5V and all CB and DB pins grounded. 
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DP8402A Switching Characteristics 


Voc = 4.5V to 5.5V, C_ = 50 pF, Ta = Min to Max (unless otherwise noted) 


To military | Commercial _| 
Symbol Test Conditions 
ce! (Output) ee Seat ae aed 


| bBandca | ERR | Si=Hso=LA.=sooe | 10 | 43 | 10 | 40 _| 
| BRA | Si=tso=HA=sooe | 10 | 4 | 10 | 40 | 
| dBandcs | MERA | Si=Hso=LA=sooo | 15 | 67 | 15 | 55 | 
| oa | ERR | Si=Lso=Hr=s000 | 15 | 67 | 15 | 55 | 
| solendsit | cB | pr=Re=soon | to | 0 | to | 48 | 
| oa] ca | si=tso=tri=re=soon | 10 | 60 | to | 48 
| Tepe) |p| si=xso-HAi=Re=soon | 7 | a5 | 7 | 90 | 
sit | ca | so=WRi=Re=soon | 10 | 60 | 10 | 50 
SO=HSt=x%RI=R2=s000 | 2 | 30 | 2 | 25 
so=Hsi=xAi=Re=soon| 2 | ao | 2 | 25 | 
| OkBOthuoEBS) | oB | So=HSt=xXAI=Re=s000| 2 | 30 | 2 | 25 | 
| OEBOthuOEBST | oB | so=Hst=xA1=Re=sooe | 2 | ao | 2 | 25 | 


DP8403 Switching Characteristics 


Voc = 4.5V to 5.5V, C_ = 50 pF, Ta = Min to Max (unless otherwise noted) 


Symbol To Test Conditions | Military | Commercial _| 
os [in [yor [woe [ [yor [wa 


| DBandca | ERR |si=Hso=LA=sooo| | 26 | | | 2 | | 
|p| EAR [si=tso-Hm=soon{ | 26 | | | 2 | 
| osamce | wea | si=Hso=LA=sooe| | 4 | | | 4 | | 

Si=Lso=HA=soon} | 4 | | | 4 | | 
| solandsit | cB |r=eon | | a | {| | wo | | 
| oe] ce si=tso=Lm=eson{ | 4 | | | | 
| epg | op | si=xso-Hm=eson | | 2 | | | 2 | | 
| sit | ca somnm=cson || ao | || ao | 
si=xSo=HAL=eson| | 24 | | | a4 | 
| orcs! =| ca | st=xso=HA=eson| | a | | | a | 
[OrBothwoeest | pp |si=xso-Hr=eaon] | 2 | | | «| | 
[OrBOhuoeEes) | pe | si=xso-Ha=eeon] | 2 | | |x| | 


TAI! typical values are at Voc = 5V, Ta = +25°C. 





DP8404 Switching Characteristics, Vcc = 4.5v to 5.5V, CL = 50 pF, Ta = Min to Max 


Pe ssc 
(stun st [a 
j cpensco | ene [SISRSO=LAL= S000 Loe eis cae, scat 
eee eee ea ee 

DB and CB | mene |S S1 =H, S0=L, ni = 5002 Bn ee ie See 
si=Lso=Hr=soo | | 4 | | | | | 

|solandsit | ca |ar=ra=soon | | os | || os | 
| pa] ca [si=tso=tri=ra=soon| | 35 | | | 35 | 
S0 = H, Ri = R2 = 6000 P| tas | ot ls 
si=xso=HAi=Re2=soon| [ie | | | wl 
si=x%so=HAi=Re2=soon| | ie | | | ie] 


[ess | oa [st=xso-nntr=re=son| [| | [| 
-oecst [oa [si=xso-nnr-re-som| [vw] | [«|] 


SOP8dd /POr8dd /E0P8dd /Ve0rsdd 


conpuy Fan vot [x [a [tet | Woe 
Tosescs | tm [si-nsom-ummwo [al | [a] 
eae ie 


| ERR | si=Lso=HA=soon| | 2 | | | 2% | | 

Si=Hso=LA=son{ | 4 | | | 4 | | 
Si=Lso=HR=soor{ | a | | | 0 | | 

|solendst) | cB | A=e00 | 
| an | ca Si=tso=tr=cson | | 4 | | | 
| sit | oa | so=HA=se0n 
Si=xso=HAL=soon| | 24 | | 
S1=X,SO=H,R.=6800 | | 
| OEDET | os |si=xSo=HA,=6800|] | 
| oes! =| os [| si=xso-nm=eson| | 2 | | [a | | 


TAIl typical values are at Vcc = 5V, Ta = +28°C. 
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Switching Waveforms 
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Switching Waveforms (continued) 
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Expanding the 
Versatility of the DP8400 


BASIC OPERATION OF THE DP8400 


Introducing error correction capabilities to a memory incurs 
some penalties—extra memory, additional access times, and 
extra control circuitry. The DP8400 has been designed to 
minimize the last two, and for some data word widths, less 
extra memory is required than for other error correction cir- 
cuits. 

In systems using error correction, extra memory is needed 
for check bits, which are merely parity bits, each derived 
from different combinations of the data bits. If a single error 
does occur, the error correction circuit can determine which 
bit is in error and then complement that bit, to re-create the 
original data word. As the memory data word widens, the 
ratio of check bits to memory data bits is reduced. As a 
rough guide, starting with four data bits and four check bits, 
one additional check bit is required each time the data word 
doubles. 


A circuit diagram of how the DP8400 generates the check 
bits in a write cycle and corrects errors in a read cycle is 
shown in Figure 7a, which uses four data bits and four 
check bits. A 4-bit example is shown in Figure 76. In a write 
cycle, the data input latch, DIL, receives the system data 
and generates four parity bits or check bits, which pass 
through the check bit output latch, COL, and buffer, to be 
written to the selected memory location with the system 
data. This delays every write cycle, but fortunately the 
DP8400 takes only 30 ns extra to generate the (six) check 
bits. When this location is subsequently read, the four mem- 
ory data bits pass through DIL to generate four new check 
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bits. The four memory check bits pass through the check bit 
input latch, CIL, and are fed into four Exclusive-OR gates 
with the four generated check bits. The outputs of these 
gates are called syndrome bits, and obviously, if there are 
no errors, the two sets of check bits will be the same and no 
syndrome bits will go high. If there is an error in the check 
bits, only the corresponding syndrome bit will go high; in this 
case the data bits are still correct. If one of the data bits is in 
error, three syndrome bits will go high (in the case of 
DP8400, three or five will go high), and the syndrome word 
is unique for any of the bits in error. The four AND-gates 
decode which bit is in error and complement it out of the 
second set of Exclusive-OR gates. The other three output 
bits remain the same as the input bits, so the corrected 
word is now available to the system. 
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FIGURE 1b. Example of Single Error Correction 
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FIGURE 1a. Error Correction 4-Bit Functional Diagram 
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In the case of the DP8400 with 16 data bits and 6 check 
bits, there are 16 AND-gates to decode the 6 syndrome bits 
to determine the data bit in error. Table | shows the DP8400 
matrix, called a Nelson Code, which has some unique fea- 
tures concerned with double soft error correction. For the 
purposes of this description, the matrix may be considered 
to be a form of Modified Hamming Code. The matrix has two 
functions: horizontally it tells us the value of the generated 
check bits for any data word when writing to memory, and 
vertically it tells us the syndrome word for any data bit in 
error. In a write cycle to memory, a ‘1’ in any row indicates 
that the data bit in that column helps generate the parity bit 
in that row. For example, check bit 1 checks the parity of 
data bits 3, 6, 8, 9, 11, 13, 14 and 15, and generates even 
parity for those data bits. In a read cycle from memory, three 
or five of the six syndrome bits will go high for a single data 
bit error, and the columns represent the syndrome word, so 
the data bit in error is the number at the top of the column 
for that syndrome word. The 16 AND-gates each decode 
one of the 16 syndrome words shown in the columns of 
Table |, to locate the error. If there is a data bit error, one of 
the outputs of the 16 AND-gates will go high, to complement 
the data bit in error. 


If two errors have occurred, the syndrome word is simply the 
Exclusive-OR of the syndrome words of the two individual 
bits in error, whether data or check bits, and is always even 
parity. First, if two check bits are in error, the corresponding 
two syndrome bits will go high. Second, for one data bit and 
one check bit error, then either two, four or six syndrome 
bits will go high. Finally, if two data bits are in error, again 
two, four or six syndrome bits go high. Thus a parity on the 
syndromes will indicate any two errors. This is important 
because if we know there are two errors, the DP8400 can 
attempt to correct them. The third error flag, E1, is the parity 
of the syndrome bus and check bit error. The DP8400 pro- 
vides three error flags AE (Any error), EO and E1, as shown 
in Table II, so that the exact nature of the error can be 
determined. 


CONFIGURATION AND CONTROL OF THE DP8400 


The DP8400 has a 16-bit data !/O port and an 8-bit check 
bit I/O port (6 bits used with 16 data bits) for applications 
with memories used with 16-bit microprocessors. The 16-bit 
data I/O port sits on the memory data bus, and the 6 check 
bit I/O port connects directly to the check bit section of 
memory. In other words, each memory location now con- 
tains 16 data bits with 6 check bits. The DP8400 is expand- 
able to beyond 80 data bits, each additional 16 data bits 
requiring an additional DP8400 without the need for extra 
logic circuitry. 32-bit wide memory busses are also a popular 
width for minicomputers. !n addition, 16-bit microprocessor 
systems may use 32-bit memory, because this larger memo- 
ry data width requires only 7 check bits, a !ower percentage 
overhead of check bits to data bits. 


Figures 2a and 2b show a simplified block diagram of the 
DP8400 with its contro! signals. The numerous control sig- 
nals provide ease of use in the many varied applications of 
this chip. There are three latch enable signals DLE, CSLE 
and OLE. Whenever DLE is high, data on the data I/O port 
DO-15 is entered into the data input latch DIL, and is 
latched in as DLE goes low. This allows either processor or 
memory data to be present on the data bus for only 3 ns 
prior to, and held over for 10 ns after DLE goes low. The 
data can then be removed if desired. Similarly, CSLE, when 
high, allows check bits on the check bit |/O port and exter- 
nal data on the syndrome I/O port to enter the check bit and 
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syndrome input latches (CIL and SIL), respectively. These 
are latched in as CSLE goes low. (In 16-bit operation, OES, 
Output Enable Syndromes, will be set low permanently, in- 
hibiting CSLE to SIL, which remains in the power-up reset 
condition so that it does not affect the simplified block dia- 
gram.) OLE, when set low, allows internal information into 
the data and check bit output latches (and the syndrome 
output latch, not shown). As OLE goes high, this information 
becomes latched. For some less complex designs, DLE, 
CSLE and OLE may be linked together. Providing OLE was 
low to allow corrected data into DOL, then OBO and OB7, 
when set low, enable the two data output buffers to present 
corrected data to the system. Data is enabled or disabled 
within 15 ns of these inputs going low or high, respectively. 


The DP8400 has three mode pins, M2, M1 and MO, which 
offer eight major modes of operation, designated 0 to 7. The 
most important two are Normal Write and Normal Read, and 
for these M1 and MO are set low. M2 is READ/WRITE so 
Normal Write is mode 0 and Normal Read is mode 4. Other 
modes are used for the Double Complement Correct ap- 
proach (Modes 1, 3 and 5) and for diagnostics (Modes 2 
and 6). Mode 7 used when expanded to more than 16 data 
bits and fast correction times are required. 


NORMAL OPERATION WITH A 16 DATA BIT MEMORY 


The basic requirements for normal operation of the DP8400 
are that it generates check bits, detect errors and correct 
them with minimum delays, and that it be easy to use. In 
normal operation M1 and MoO are set low. Figure 2a shows 
how the DP8400 generates check bits when writing data to 
memory. DLE may be kept high, OLE low, CSLE low, and 
M2 low so that the DP8400 is in Mode 0. System data is 
presented to the data I/O port on pins DO-15, and enters 
DIL, where it connects to the check bit generator CG. The 
six generated check bits pass through COL and are enabled 
(with M2 low) onto the check bit I/O port. The six generated 
check bits will appear 30 ns after the 16 data bits are pre- 
sented to the data I/O port. A write to memory will now 
store the 16 data bits and 6 corresponding check bits in the 
selected location of memory. The write cycle is therefore 
slowed down by 30 ns, which in most memory systems is 
not significant. 


Figure 2b shows the paths when reading from memory, with 
DLE set high to enter the memory data bits into DIL, and 
CSLE also set high to enter memory check bits into CIL. M2 
is set high so that the DP8400 is in Mode 4. The Any Error 
flag, AE, becomes valid 35 ns after memory data and check 
bits are valid. Error flags E1 and EO become valid approxi- 
mately 15 ns later. Thus, if AE is low, no further operations 
are necessary. For fast 16-bit microprocessor systems, it 
may be necessary to introduce a wait state every read cycle 
to first determine if an error exists. If no error is detected the 
wait state is removed and the read cycle continues. 


If an error is detected, then the error flags E1 and EO must 
be examined to determine the required action. If the error is 
a single data bit error, DOL will by now contain corrected 
data. If there is no check bit error, then COL, which follows 
CIL when in Mode 4, now contains the original check bits. 
By taking OLE high, corrected data bits are latched in DOL, 
and correct check bits in COL. The memory is now disabled, 
so that OBO and OBT can be set low to enable corrected 
data onto the data bus, and M2 set low to enable the con- 
tents of COL onto the check bit bus. A write to the same 
location of memory will therefore remove the data bit error if 
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it was a soft error. The microprocessor can read the correct- 
ed data once the wait signal is removed. 


If the error is a single check bit error, DLE should be set low. 
DOL contains the contents of DIL, still correct data. Memory 
can now be disabled so that OBO and OB7, when set low, 
output correct data, and M2 when set low, allows the gener- 
ated check bits from DIL to be output on the check bit I/O 
port. A write to the same location of memory will remove the 
check bit error if it was a soft error. The microprocessor now 
reads this correct data when the wait signal is removed. If a 
double bit error is detected, then other approaches may be 
taken, as described in the data sheet and later in this appli- 
cation note. 


The primary features of the DP8400 are discussed in the 
data sheet; there are, however, a number of other features 
that become very useful once a designer becomes ac- 
quainted with error correcting techniques. 


These include: expansion beyond 16 data bits, diagnostic 
routines, error logging (allowing some double error correc- 
tion), and a novel approach offering fast correction of any 
double error. This application note discusses how the 
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DP8400 has been designed to function in all of these appli- 
cations, making it the most versatile and comprehensive er- 
ror correction chip available. 


ERROR CHECKING AND CORRECTING FOR WIDER- 
THAN-16-BITS DATA WIDTHS 


At present, most 16-bit microprocessor systems use a 16-bit 
wide main memory, partly for simplicity, and also because 
main memories, in general, have not become large enough 
in size to justify otherwise. The data sheet shows how to 
accomplish this with one DP8400, utilizing the matrix of Ta- 
ble |. It is fairly easy to use a memory of twice the micro- 
processor data width to reduce total chip count when incor- 
porating error correction capability. One example would be 
a complex 8-bit microprocessor using large main memory. If 
the memory data width is kept at eight bits, then five check 
bits are required for error correction for each byte of data. If 
four banks of memory are required, each bank comprising 
13 chips, then 52 total memory chips are required and only 
62% of the memory is used for system data. If the memory 
data width is increased to 16 bits for the same microproces- 
sor-based system, then six check bits are required. 
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FIGURE 3. 32-Bit Error Detection and Correction 
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The memory now comprises two banks each of 22 chips, 
totaling 44 memory chips—a savings of eight memory chips. 
This saving is offset somewhat by the need to incorporate 
byte-writing capability, which does require extra compo- 
nents and slows down the memory write cycle. One DP8400 
is still needed, using all 16 bits, and two bidirectional buffers 
are also required. 


As a second example, using a 16-bit microprocessor with a 
memory of eight banks, each comprising 16 bits of data and 
six check bits, the total is 8 x 22 or 176 memory chips. 
Once the memory is widened to 32 data bits with seven 
check bits, only four banks are required, and the total num- 
ber of memory chips reduces to 4 X 39, or 156—a savings 
of 20 memory chips. This is offset a little by the fact that an 
extra DP8400 is required, and slightly slower memory write 
and read cycles are necessary. In some cases, therefore, 
widening the memory data bus becomes more practical for 
large memories. 


Saving memory chips is just one reason why there is a need 
to be able to expand the DP8400 beyond 16 data bits. Most 
minicomputers now use 32-bit wide data busses, and soon 
there will be some 32-bit microprocessors. Other systems 
use 24 bits, 48 bits, 52 bits, 64 bits or a variety of other data 
widths. The DP8400 has been configured to be expandable 
to any data width, even beyond 80 bits, merely by inserting 
an additional DP8400 for each 16-bit increment in memory 
data. 

A section of the chip shown in the data sheet Block Diagram 
comprises the syndrome input and output latches, SIL and- 
SOL, and a dedicated syndrome I/O port. This port has a 
number of uses not normally needed in simple 16-bit single 
error correction applications. 
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One use of this syndrome port is for data widths wider than 
16 bits. Only one DP8400 is required with 16 data bits or 
less, but if a system uses more than 16 memory data bits, 
additional DP8400s are required. For example, two 
DP8400s, one with its 16-bit data port connected to the low- 
er word, and the other to the higher word, can be configured 
to generate check bits, and detect and correct errors for a 
32-bit memory as shown in Figure 3. For writing to memory, 
both chips will still generate six check bits from the two 
words of 16 bits. But with more than 26 total data bits, sev- 
en check bits are required. Therefore, it is necessary to 
combine the two sets of check bits to produce seven com- 
posite check bits to be written to memory as shown in the 
flow path depicted in Figure 4a. This is achieved by output- 
ting the six generated check bits from the lower word 
DP8400 (designated L), and inputting them to H, the higher 
word DP8400. The syndrome port of H is available to re- 
ceive these check bits from L, to be loaded into SIL of H, 
provided CSLE is high. The six outputs from SIL combine 
with the six check bits generated in H to create seven com- 
posite check bits, and this 7-bit combination is output on the 
check bit port to the memory check bits. Table Il shows one 
of twelve possible ways to combine the two sets of check 
bits. Note that the lower word matrix for bits 0 and 15 is 
identical to Table | with the addition of all “0’’s for the sev- 
enth check bit. The higher word matrix for bits 16 to 31 uses 
the same rows but in a different order, implying that the 
check bits from L must be cross-connected to H. For exam- 
ple, memory check bit 5 is generated from check bit 1 of L 
and check bit 5 of H. Both chips are therefore set to normal 
write mode when generating check bits. 
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FIGURE 4a. E2C2 32-Bit Configuration, Error-Correct Flow Path 
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When reading from memory, the two chips first need to de- 
tect for an error. Figure 4b shows the flow path through the 
chips. L is set to normal write mode and H to normal read 
mode. Memory data is supplied to both chips so that L gen- 
erates six check bits from the lower word data bits, and 
feeds them to SIL of H, the same as for writing. H also 
generates its own check bits which combine with those from 
L, and these seven composite check bits are compared with 
the seven memory check bits fed into CIL of H. This combin- 
ing, plus comparison of check bits, is equivalent to seven 3- 
input Exclusive-OR gates. The output of these Exclusive-OR 
gates are the seven syndrome bits, and these can be de- 
coded to determine the type of error. First, if there is no 
error, error flag AE of H will remain inactive because memo- 
ry data is correct, provided OLE is kept low, and DOL of 
both L and H will contain correct data. Second, if there is a 
memory check bit error, only one of the seven syndromes 
will go high and the three error flags of H will indicate a 
check bit error as in Table Ill. Note that memory data is still 
correct, and with OLE low, DOL of both L and H contain 
correct data. Third, if there is a single data error in bits 16- 
31, the syndromes of H are such that the data error locator 
will locate the error and correct it, so again DOL of both L 
and H contain correct data. This is because the seventh 
syndrome bit is low for an error in the higher word, so that 
we have a six syndrome bit word as in Table I, to be decod- 
ed as normal to correct the error. In each of these three 
cases, DOL of both L and H contained correct data, and the 
common condition for these is either that AE(H) is “0’’, or 
E1(H) is “1”. 


The fourth case is more complex. In the previous three 
cases, correct data has been available in both DOL about 
50 ns after memory data became valid. Now with a single 
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data error in bits 0-15, AE(H) is a “1”, E1(H) a “1”, and 
EO(H) a “0”, but L does not have sufficient information to 
locate the error. It is first necessary to feed back the partial- 
ly generated syndromes of H back to L, and this is achieved 
by reversing the direction of the common bus, First L is 
placed in normal read mode so that L’s generated check 
bits become disabled. Next, the partial syndromes in H are 
enabled onto the bus by setting OES of H low, so that its 
syndrome I/O port outputs the combined Exclusive-OR of 
CG(H) and CIL(H), which is transferred to CIL of L. These 
partial syndromes then combine with CG(L) to generate val- 
id syndrome bits in L, demonstrated by the flow path of 
Figure 4c. \f there is, in fact, a data bit error in bits 0-15, the 
seventh syndrome bit will go low, allowing the remaining six 
bits to be decoded to locate the error as per the columns of 
Table II. This switching around of the common bus, there- 
fore, takes more time to correct the error in L, equivalent to 
a total time of approximately 100 ns. The fifth kind of error is 
identified as a double error. In this case, the error flags indi- 
cate the double error and the system can take the neces- 
sary action. 


A logical approach when using two DP8400s would be to 
first see if there is any need to reverse the common bus by 
monitoring AE(H), and when it is low, to output directly from 
DOL of both chips by setting OBO and OB1 of each low. The 
System Data Valid flag should be set active at this time. If 
the AE(H) output is high and the error flags do not indicate a 
double error, then the common bus should be switched 
around and the System Data Valid signal set true. If the 
error is a double error, the user may utilize a number of 
alternatives, including the Double Complement Correct 
method. 


CORRECTED 
DATA 
(HIGHER WORD) 


PARTIAL 
YNDROMES| 


CM MEMORY 
mem CHECK 





3 ERROR FLAGS 


TL/F/5032-7 


FIGURE 4b. E2C2 32-Bit Configuration, Detect Flow Path 
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OF SYNDROME BITS 


*C2, C3 generate odd parity. 


TABLE Il. Data Bit Error to Syndrome-Generate Matrix 


(32-Bit Configuration) 


111122222222223393 
6789012345678901 
00010010110110141 


11114141 


0123456789012345 
001111110111014141 


00010010110101141 


0 


5 
6 
3 


1110111010001110 
o000000000000000 


GENERATED 
CHECK BITS 


100110001010114141 


*2 


SYNDROMES *3 


01100001111010141 


01100001111010141 


11000101100101041 


1100010110010101 
111011101000141410 
0000000000000 000 


4 


10011000101011411 


001111110111014141 


6 


HEX 


0 


2AA12238B981A3B9 


48975139EBD3C7°FF 
3320232130012321 


*CG2, CG3 generate odd parity. 


3146654534652767 
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FIGURE 4c. E2C2 32-Bit Configuration, Write Flow Path 
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TABLE Ill. Error Flags After Normal Read 
(32-Bit Configuration) 


AE(H) E1(H) EO(H) EO(L)* 


0 0 0 
1 1 0 
1 1 1 
1 1 0 
1 0 0 


All Others 


0 


0 
0 
1 
0 


Error Type 
No Error 
Single check bit error 
Single data bit error (H) 
Single data bit error (L) 
Double bit error 
Invalid conditions 


*EO (L) is valid after transfer of partial syndromes from higher to lower. 


This approach to wider data width error detection and cor- 
rection is termed the cascade configuration, and it requires 
only the one additional DP8400. The cascade approach can 
be used with up to five DP8400s controlling 80 data bits. 
The advantage is that only one additional DP8400 is re- 
quired per 16 data bits, although write and read times be- 
come progressively slower as the number of DP8400s is 
increased. This is because of the time taken for the generat- 
ed check bits to ripple through from the lowest to highest 
chips when writing and detecting, and then ripple back the 
other way for correcting. 


In many memory systems, speed is of utmost importance 
and for faster systems, it is possible to connect the 
DP8400s in a parallel configuration using additional ICs. Ap- 
plication Note AN-308 describes this approach in detail. 


The user may, therefore, select one of these approaches (or 
a combination of both) for systems using memory data 
widths of more than 16 bits. 


DIAGNOSTIC CAPABILITIES OF THE DP8400 


The DP8400 has been designed with system fault diagnois 
in mind. In fact, it is possible under microprocessor control 
with the DP8400 in site on the memory board to fully test 
every gate inside the DP8400 activated in normal operation, 
and also to diagnose all memory check bits. The DP8400 
has two main diagnostic modes—modes 2 and 6. In other 
words, with M1 set high and MO set low, information can be 
written to or read from the chip. 


Mode 6 allows the memory check bits to be read onto the 
higher byte bits 8-14, and syndromes to be read on the 
lower byte bits 0-6, as shown in Figure 5a. The remaining 
two bits, 7 and 15, are the error flags E1 and E0 that were 
valid when mode 6 was entered. The syndrome bits will be 
the internally generated syndromes if OES is low (mode 6A), 
or external syndromes input on the syndrome 1/O port if 
OES is high (mode 6B). The external syndromes could be 
obtained from an error logger/syndrome injector unit—this 
is an error logger with the capability of injecting syndromes 
back to the DP8400. Therefore, by being able to read the 
externally stored syndromes, the microprocessor can moni- 
tor or store the syndromes whenever needed. 


Mode 2 transfers system data from the higher byte into CIL, 
instead of DIL, to simulate check bits. This can be used in 
three ways. First, as shown in Figure 5b, the simulated 
check bits can be latched in CIL by taking CSLE low. If the 
DP8400 is now set to normal read, mode 4, and new data is 
presented then, provided DLE is high and CSLE is kept low, 
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the DP8400 will perform a normal read operation as if it 
were reading memory check bits. The results of this simulat- 
ed read may be checked by enabling DOL to see if an error 
(if inserted) was corrected. Or as a further check, by enter- 
ing mode 6, the predicted generated syndromes and error 
flags may be checked. Second, also while in mode 2, the 
simulated check bits appear at the check bit port (from the 
data bus higher byte) available to be written to the check bit 
portion of memory as shown in Figure 4c. OLE is set high 
before the original simulated check bits are removed and 
then memory data is subsequently placed on the data bus. 
A write to memory will now write known data and simulated 
check bits to the selected location. By writing known data to 
the memory check bits in mode 2, and then reading the 
memory check bits in mode 6, each check bit in each loca- 
tion can be validated. Third, it is possible in mode 2 with 
OES low to transfer data from the higher byte to the syn- 
drome I/O port, also shown in Figure 5c. But first the gener- 
ated check bits must be all low. This is attained by previous- 
ly loading all “1’’s into DIL in an earlier cycle. This is useful 
when using an error logger in conjunction with the DP8400 
to feed the syndrome word into the logger whenever an 
error occurs. 


ERROR LOGGING WITH SYNDROME INJECTION 
CAPABILITY 


An important application of the dedicated syndrome !/O 
port is for error logging. This is because the internally gener- 
ated syndromes derived during reading are available on this 
port, provided OES is set low. These syndromes indicate 
the exact location of a single error, whether it is in the data 
bits or check bits; they are therefore useful to be stored for 
error logging. Every time an error occurs when indicated by 
error flag AE, the syndromes corresponding to this error can 
be logged. 


The syndrome word can be fed from SOL via the Syndrome 
Output Buffer onto the external syndrome bus. An Error 
Logger connected to this bus, as shown in Figure 6, will 
store the syndrome word in the same location as the corre- 
sponding address of each error that ocurs. An intelligent 
error logger will differentiate between new errors and ones 
that have occurred previously, by logging only new errors 
and ignoring ones that have already occurred. An easy way 
to determine this would be to compare the incoming memo- 
ry address with the address of errors contained in the log- 
ger. If a match is not found and an error occurs, the new 
address and corresponding syndromes are logged. If a 
match is found, then whether an error occurs or not, 





no further action is necessary. Tag bits may be provided to 
indicate whether the error is hard or soft. 


For example, if an error has already been logged at a partic- 
ular address and that address is re-written to, then if the 
error repeats subsequently, it is a hard error, and if not, it is 
a soft error. So, if a tag bit is set when a write occurs to a 
previously logged address and a subsequent error is detect- 
ed at that address, a second tag bit is set indicating a hard 
error. A better approach would be to have the DP8400 cor- 
rect and rewrite to the same location all in the same cycle, 
as soon as a single error is detected. The first error detect- 
ed in a location is classified as a soft error until it recurs, and 
if an error does recur, a tag bit is set to indicate a hard error. 
It is assumed here that multiple soft errors will not occur in 
the same location. 


SYSTEM 


ERROA 
LOGGER 


Now that the error logger contains error information, it is 
necessary for the microprocessor to retrieve it. The DP8400 
makes this easy, because the external syndrome bus data 
can be transferred to the data bus as described for opera- 
tion in mode 6. If the error logger is made capable of output- 
ting stored syndromes, and subsequently outputting the cor- 
responding address one byte at a time, then all the relevant 
information can be retrieved by the microprocessor. The 
user may choose to store this in nonvolatile memory in the 
event of a power failure. When power returns, it will be de- 
sirable to restore this information back to the error logger, 
and this can be achieved by first loading DIL with all ‘‘1”’s to 
create all generated check bits low. Now the addresses and 
syndromes can be loaded from the higher byte of the micro- 
processor through the syndrome I/O port one byte at a 
time, with DP8400 in mode 2, to the error logger. 


MEMORY 
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FIGURE 5a. Read Internal Generated Syndromes and Check Bit Port (Mode 6A) 
or Read Syndrome Port and Check Bit Port (Mode 6B) 
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FIGURE 5b. Diagnostic Read - Compare Simulated Check Bits with 
Check Bits Generated from Data Stored in Previous Cycle 
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FIGURE 5c. DP8400: Mode 2 
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FIGURE 6. Error Logger Connected to DP8400 Syndrome Port 


CORRECTING DOUBLE ERRORS USING 
THE ERROR LOGGER 


It is possible to take the error logging function one stage 
further. As described so far, the error logger has been stor- 
ing single errors (data bit or check bit). What if a double 
error is detected? If it is detected without any previous histo- 
ry at that address, one solution would be to perform a Dou- 
ble Complement to attempt to correct both errors. If this is 
not done, no useful information can be obtained. If both 
errors are corrected, the error logger records the syn- 
dromes of both, and tags whether they were both hard, or 
one hard and one soft. But, if there is a previous history at 
this address of a single error, then it is fair to assume that 
the second error has subsequently occurred. In this case, if 
the error logger could be made to inject the syndromes of 
the first error into the DP8400, the DP8400 would correct 
this error so that its DOL would then contain data with one 
error (if both errors are data bit errors). It is necessary at this 
point to wrap-around DOL back to DIL and allow the 
DP8400 to correct the second error. This approach is much 
faster than the Double Complement approach and at the 
same time offers full error logging capability. 
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ANY DOUBLE ERROR CORRECTION USING THE 
DOUBLE SYNDROME DECODE APPROACH 


The data sheet shows how the DP8400 can perform double 
error correction using the Double Complement. Approach, 
provided at least one of the errors was hard. For very large 
memories, this may not be adequate, as some systems will 
require total double error correction capability—quickly, with- 
out having to wait two additional memory cycles. Some of 
these systems will also require triple error detect capability. 
Fortunately, the matrix of the DP8400 has been configured 
to allow both of these capabilities. Most modern error detec- 
tion/correction matrices use a modified version of Ham- 
ming’s original code. The Hamming code allows single er- 
rors to be corrected, however, two errors may not be detect- 
ed as such. For 16 data bits, five check bits are required. 
Modified Hamming codes allow double error detect capabili- 
ty, as well, by arranging that the Exclusive-OR of the syn- 
drome words of any two bits in error produces an even pari- 
ty syndrome word. A parity check on the syndrome bus will, 
therefore, indicate two errors (or no error, but in this case, 
the Any Error flag will be inactive). For 16 data bits, six 
check bits are required for single/double error detect and 
single error correction capabilities. 





The DP8400 has a matrix that goes one step further by 
using a version of the Nelson code. This costs no additional 
on-chip gates to those required for a Modified Hamming 
code. To be able to correct any two errors, it is necessary to 
be able to determine their location, and no present version 
of the Modified Hamming code is able to do this. There are 
matrices that do exist that can generate 12 check bits from 
16 data bits (or 14 check bits from 32 data bits) for writing, 
and then generate 12 (or 14) syndrome bits when reading, 
so that the location of both errors can be determined and 
corrected. But, because most applications do not require 
this degree of integrity and associated expense, they are 
not very popular. It would be ideal if two DP8400s could be 
configured as in Figure 7a, with each generating a different 
set of check bits and a different set of syndrome bits so that 
the double syndrome word could be unique and decodable 
for any two bits in error. Fortunately, National Semiconduc- 
tor has achieved this by incorporating a feature called the 
Rotational Syndrome Word Generator, which uses rotated 
data to the secondary DP8400. 


The primary DP8400 generates check bits when writing, and 
syndrome bits when reading, as in a normal 16-bit system. 
But the data port of the secondary DP8400 receives data 
shifted by a number of bits, usually one bit. In other words, 
for this secondary chip, system data bit 0 connects to DQ1, 
system data bit 1 to DQ2, etc. Each DP8400 has its own 
dedicated six memory check bits, which are obviously differ- 
ent from each other due to the data shifting on the second- 
ary DP8400. The Nelson code is such that during a read, not 
only does each DP8400 generate a different set of syn- 
drome bits, but the double syndrome word (comprising 12 
bits for 16 data bits) is unique for any two bits in error. It is 
necessary to be able to output these syndromes as they 
occur and to do this, OES of both chips is set low during the 
time memory data is valid. 


Now that we have a unique double syndrome word for any 
two bits in error, it is necessary to decode it to correct both 
errors. The easiest way to do this is to connect the double 
syndrome word to the address inputs of a registered PROM 
(a PROM with latchable data out) as shown in Figure 7b. |n 
this example, 12 syndrome bits require 4k addressing capa- 
bility, and 32k registered PROMs will be made available 
soon. Some of the addresses of the RPROM will be used for 
double errors and each address will be unique for any two 
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FIGURE 7a. 2 Different Generators 


bits in error. The corresponding data out could, therefore, 
contain one of the syndrome words. Double errors may be 
caused by two data bit errors, a data bit and primary check 
bit error, a data bit and secondary check bit error, a primary 
and secondary check bit error, or two errors in either pri- 
mary or secondary check bits. In these cases, if the RPROM 
address stores the syndrome word for one of the two errors, 
this will be available at the output of the RPROM when en- 
abled. 


First of all, this data must be latched in the RPROM register, 
and then the OES input to each DP8400 must be set high to 
deactivate the two syndrome output buffers. Next, the 
RPROM data must be enabled onto the primary syndrome 
bus so the primary DP8400 can enter this syndrome word, 
representing one of the two bits in error with CSLE high. At 
the same time, the primary DP8400 must be set to mode 7 
so that the syndrome word appears on the internal syn- 
drome bus, replacing the generated syndromes. If OLE is 
now set from low to high, DOL will contain either one or no 
error, depending on where the two errors were located. In 
other words, the DP8400 has just corrected one of the er- 
rors. By setting OLE low, then disabling memory and en- 
abling OBO and OB7 of the primary DP8400, this data is 
output on the data bus and back into the DIL with DLE high. 
There is now only one data error, and this can be corrected 
by setting the DP8400 to normal read, mode 4. 


Thus, both errors have been corrected at a fairly fast rate. 
For example, for a 50 ns RPROM, the total time to generate 
double syndromes, feed back a one-error syndrome word to 
the primary DP8400, correct it, wraparound, and correct 
again, may take less than 120 ns total. 


Only a few of the addresses in the RPROM are required for 
double errors. Some double syndrome words represent sin- 
gle errors and triple errors. All single bit errors also produce 
a unique double syndrome word different from all double bit 
errors. 
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In fact, nearly all triple bit errors produce unique double syn- 
drome words different from single and double bit errors. 
Those that do-not produce unique double syndrome words, 
duplicate syndrome words of other single, double, and triple 
bit errors; however, these comprise only about 5 percent of 
the total. We can say, therefore, that this approach will cor- 
rect not only all double bit errors, but will detect 95 percent 
of all triple bit errors. Note that with error correction systems 
utilizing the modified Hamming code, the majority of triple bit 
errors are interpreted as single bit errors and falsely correct- 
ed as such. It is up to the designer to determine the 
chances of three errors occurring in a memory location, and 
the (likely) consequences that they will be falsely corrected. 
If this condition is undesirable, then the Double Syndrome 
Decode Method offers greatly enhanced integrity; in fact, if 
the three errors detected do have a unique double syn- 
drome word, they can be corrected. As stated, no presently 
used Modified Hamming code offers a unique double syn- 
drome word for multiple errors; this is only possible with a 
Nelson code. This example was largely for 16 data bits, but 
the idea will work for other data widths. 


In the 16-bit example, the RPROM has to output only six bits 
representing the syndrome bits of a bit in error. This leaves 
two spare bits which can be used as flags, and the user can 
program his RPROM accordingly. One solution is to use 
these flags to indicate the type of action required—whether 
to correct at all, correct once, or correct twice by wrapping 
around. 


BLOCK DIAGRAM OF THE DP8400 


This Application Note discusses first the single error correc- 
tion, showing a simplified block diagram of the chip for both 
a write cycle to generate check bits, and a read cycle to 
detect errors and correct single bit errors. 


The most important requirement when accessing memory is 
that these operations be performed with minimal memory 
delays. The DP8400, therefore, has been structured inter- 
nally to minimize series propagation delays through the 
chip. A full block diagram of the DP8400 is shown, and first 
impressions are that there might be excessive delays in the 
various paths due to the additional blocks that have been 
added to the basic functional block diagram. In fact, this is 
not the case, because the DP8400 has been configured in 
bipolar Schottky logic and uses the AND-OR-INVERT gate 
in many of the blocks. This type of gate structure is used in 
multiplexers, Exclusive-OR gates and fall-through latches. It 
is possible, therefore, to combine these functions into one 
wide gate, reducing the propagation delays through some of 
these blocks to that of one gate. For example, the check bit 
output latch COL receives its input from an Exclusive-OR 
gate followed by a multiplexer. These three functions can be 
combined into one wide gate, and this greatly reduces the 
time taken to generate check bits. 


THE DP8400—A VERSATILE ERROR CHECKER/ 
CORRECTOR FOR ALL APPLICATIONS 


It was shown earlier how the DP8400 was able to detect 
single and double errors, and correct single errors. For 8- 
and 16-bit systems, these could easily be accomplished 
with a minimum of extra circuitry. The DP8400 can also be 
used in complex high integrity systems. In fact, investiga- 
tions are still progressing as to its immense capabilities. It is 
the only error correction circuit capable of these features, 
and yet it still provides very fast throughput. For these rea- 
sons, the DP8400 should become the industry standard er- 
ror correction chip for the foreseeable future. 
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7 F National Semiconductor 
DP8400s in 64-Bit Reales Note 308 
Expansion Chuck Pham 


The purpose of this Application Note is to provide memory TABLE |. Data Bit Error to Syndrome-Generate 
designers with detailed information on the DP8400 parallel Matrix, 64-Bit Configuration 
expansion method. This method allows fast check bit gener- The partial code of device 0: 

ation, error detection, and error correction. A thorough un- Error Locations (Data Bit Numbers) 
derstanding of the 16-bit implementation is a prerequisite. 

Included in this note are the following: error correction ex- 4567 10 11 12 13 14 
pansion matrix; detailed steps for check bit generation, error 
detection and error correction; an example of a single error 
correction; and the detailed wiring diagram for the 64-bit 
configuration. 


—_ 
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The Error Correction 


Expansion Matrix 


For a 16-bit word, the DP8400 reads data between the proc- 
essor and memory, with its 16-bit bidirectional data bus con- 
nected to the memory data bus. The DP8400 uses an en- __— The partial code of device 1: 
coding matrix to generate six check bits from the 16 bits of 
data. This 16-bit matrix contains 16 unique syndrome pat- 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
terns corresponding to each error location which allows the 000310010 
DP8400’s Data Error Decoder (DED) to identify the data 

error location. 


1 
0 
The DP8400 is easily expandable to other data configura- j 
tions. For a 32-bit data word with seven check bits, two 0 
0 
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DP8400s are used. Three DP8400s can be used for 48 bits, 

four DP8400s for 64 bits, and five DP8400s for 80 bits, all 

with eight check bits. In order to expand the DP8400, addi- 

tional check bits are required to provide the unique charac- 0 
teristic of the single data error syndrome. For expansion ; , ; 
beyond 24 bits, check bits 6 and 7 (C6 and C7) are used. "he partial code of device 2: 
Note that these check bits can be configured to be always 32 33 34 35 36 37 38 39 40 41 
either zero or word parity, depending on the input voltage 

level of the Expansion Pin (XP). By rearranging all eight 000000 0 
check bits (CO-C7) of each DP8400, we can obtain many 1 

different matrices that meet the above requirement. One of 

these is shown in Table |. For illustration, this matrix will be 

used throughout this application note to clarify the E2C2 ex- 

pansion concept. 
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Check Bit Generation, Error 
Detection And Error Correction 


CHECK BIT GENERATION (Figure f) 


In the Check Bit Generation mode, all four DP8400s are set 
to mode 0, normal write. The 64 bits of data from the system 
data bus are enabled into the Data Input Latches (DIL) of 
each DP8400. The individual Check Bit Generation (CG) of 
the four DP8400s then produce eight parity bits, or partial 
check bits, derived from the input data. (Note that all the 
syndrome input latches should be cleared so that only the 
partial check bits will pass through the Check Bit Output 
Latches/Buffers (COL and COB). In the normal write mode, 
the COBs are always enabled onto each check bit port. This 
allows the partial check bits to be combined externally in 


The partial code of device 3: 
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Check Bit Generation, Error Detection And Error Correction (continued) 


the eight 74S280s’ parity generators/checkers to produce 
eight composite check bits. Table Il. shows how these 
check bits are generated. 

Table II. Composite Check Bits Generation 


Ccomp. 0 = C(0)0 © C(1)1 © C(2)6 © C(3)4 
Ccomp. 1 = C(0)1 © C(1)5 © C(2)3 © C(3)5 
Ccomp. 2 = C(0)2 © C(1)6 ® C(2)5 @ C(3)3 
Ccomp. 3 = C(0)3 ® C(1)4 © C(2)4 ® C(3)6 
Ccomp. 4 = C(0)4 ®& C(1)3 © C(2)2 ® C(3)2 
Ccomp. 5 = C(0)5 © C(1)2 © C(2)7 © C(3)0 
Ccomp. 6 = C(0)6 © C(1)0 @ C(2)1 ® C(3)1 
Ccomp. 7 = C(0)7 © C(1)7 © C(2)0 © C(3)7 


Notes: 

Ccomp: composite check bit. 

C(X)N: the partial check bit N of device X. 
(Refer to Table I. for clarification). 


To aid in fast error detection during memory read cycles, 
these composite check bits are complemented and written 
into memory along with the system data. If the system data 
has vacated the data bus, the Output Enables (OBO and 
OB1) must be set low so that the original data word with its 
eight composite check bits can be written into memory. 


DETECTION MODE (Figure 2) 


In the Detection mode, again all the DP8400s are set to 
mode 0, norma! write, then the partial check bits derived 
from the memory data bits are generated in a manner simi- 
lar to that described for the check bit generation mode. 
These partial check bits are then associatively compared 
with the memory check bits in the eight 74S280s to produce 
eight external Composite Syndrome bits. As explained in the 
check bit generation mode, the composite check bits are 
complemented before being written into memory. This 
shows why complemented Composite Syndrome bits are 
produced instead of true composite syndromes. Then, if any 
bits on the Composite Syndrome bus go low, this will cause 
the 74S30 NAND gate to go high, giving the Any Error indi- 
cation. If there is no error, all Composite Syndrome bits re- 
main high. These Syndrome bits are also latched into the 
74ALS533 Octal D-type Transparent Latch (with inverted 
output). The composite syndromes are then fed into the 
syndrome ports of the DP8400s in different combinations 
for each, for error-type determination and/or error correc- 
tion. 


CORRECTION MODE: (Figure 3) 


Upon receiving the Any Error indication during the detection 
mode, it takes an additional step to determine the error type 
and to correct a single data error. All the DP8400s should 
be set to mode 7B (which is mode 7 with OES high), this 
mode enables the external syndromes directly to the Syn- 
drome Generator (SG) and then the Data Error Decoder 
(DED) of each chip. For a single data error, the input syn- 
drome will be unique for that error location; consequently, 
only one DP8400 can decode that error location and correct 
that bit. The other three do not indicate an error and do not 
change their data output latch contents. This corrected data 
can be output to the system data bus by means of OBO and 
OB1. The DP8400 that decodes the data error location will 
indicate a single data error, while all others indicate a check 
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bit error. If there was a single check bit error or a double bit 
error, then all the DP8400s will indicate a check bit error or 
a double bit error, respectively, through their error flags. 


AN EXAMPLE OF A SINGLE DATA ERROR CORREC- 
TION 


Assuming all zero data is to be written into memory, we 
obtain the following set of partial check bits for all DP8400s: 


co =0 C4=0 
Ci =0 C5 =0 
c2=1 C6 = 0 
C3 = 1 C7=0 


Note that each DP8400 contains the basic 16-bit matrix 
(CO—C5). Therefore, the first six partial check bits are the 
same for all devices; only C6 and C7 are different. With the 
64-bit configuration using the above 64-bit matrix, C6 = C7 
= 0 (by connecting XP directly to Vcc) for the devices 0, 1, 
and 2; and C6 = C7 = word parity (by leaving XP pin float- 
ing) for the device 3. However, with all zero data, word parity 
is also zero (even parity). Therefore, the above partial check 
bits are obtained. 
Using the formulas given in Table Il, the composite check 
bits are as follows: 
Ccomp.0 =08®0@080=0 
Ccomp.1=08®06180=1 
Ccomp.2=1908081=0 
Ccomp.3=190@0@0=1 
Ccomp.4=0010101=1 
Ccomp.5=0@180@0=1 
Ccomp.6=0808080=0 
Ccomp.7=08®0@0¢80=0 
Note that these composite check bits are complemented 
before they are written into memory. Thus, the memory 
check bits read later from memory are 1100 0101. 
If an error has occurred in the data position 35 which is bit 3 
of device 2, then the partial check bits C(3) N produced 
during the detection mode are as follows: 


C(3)0 = 1 C(4) = 0 
C(3)1 = 1 C(5) = 0 
C(3)2 = 0 C(6) = 0 
C(3)3 = 1 C(7) =0 


The partial check bits of other devices are unchanged. Con- 
sequently, the newly generated composite check bits 
(Ccomp) and the total syndrome bits are: 

Newly Generated 


Composite Memory Composite 
Bit# Check Bits Check Bits Syndrome 
0 0 ® 1 = 1 
1 1 ® 0 = 1 
2 0 i) 1 = 1 
3 1 ) 0 = 1 
4 0 ® 0 = 0 
5 1 ® 0 = 1 
6 1 ce) 1 = 0 
7 1 ® 1 = 0 
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FIGURE 1. E2C2 Simplified Block Diagram— 
64-bit Parallel Expansion, Check-Bit Generation 
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FIGURE 2. E2C2 Simplified Block Diagram — 
64-Bit Parallel Expansion, Error Detection 
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FIGURE 3. E2C2 Simplified Block Diagram— 
64-Bit Parallel Expansion, Error Determination 
and Correction 
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FIGURE 4. E2C2 64-Bit Parallel Expansion, Detailed Block Diagram 
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Check Bit Generation, Error Detection And Error Correction (continued) 


80E-NV 


ops4o0 0P8400 
0 1 


DP8400 
3 


1 
748260 748280 748280 748260 


C(0)5 
£(1)2 
Ccomp 4 €(2)7 Ccomp 5 Ccomp 6 Ccomp 7 


€(3)0 10 0 
748280 MCBS 748280 748280 748280 





° TL/F/5039-5 
FIGURE 5. E2C2 64-Bit Parallel Expansion 





2-71 


AN-308 


Check Bit Generation, Error Detection And Error Correction (continued) 


The composite syndrome 11010000 is that of the error loca- 
tion 35. Since the syndrome is unique and fed reordered to 
each DP8400, only device 2 will recognize this syndrome 
pattern and complement its data bit 3. Then the corrected 
data can be output to the system data bus when OBO and 
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OBT of all four DP8400s go low. Devices 0, 1, and 3 all 
output the same data they received from memory. Only de- 
vice 2 changes its (erroneous) data. Refer to Figure 6 below 
for the timing diagrams of a memory write and memory read 
cycle (detect then correct). 
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FIGURE 6B. E2C2 64-Bit Parallel Expansion 
Memory Read Cycle (Detect Then Correct) 


SYSTEM DESIGN /MZORY SYSTEMS 


ERROR CORRECTION 
THE HARD WAY 


A double complement correct cycle in an ECC system forms a 
sophisticated double-bit error correction and management 


system 


by Bob Nelson 


method, can be expanded from simple error detec- 

tion in data words to the correction of single-bit 
errors by means of a double complement correct cycle. 
The double complement method can also be used to 
advantage in combination with error checking and cor- 
rection systems to detect and correct hard and soft com- 
binations of double-bit errors, provided no more than 
one of such errors is soft. In addition, this technique 
points the way to more sophisticated double-bit error 
correction and error management systems. 

A parity bit is assigned a value of 1 or 0 on the basis 
of the number of 1s in the data word. The value of the 
parity bit depends on whether the parity system chosen 
is odd or even. Thus, in an odd parity system, the sum 
of the Is in the data word and the parity bit will always 
be odd, whereas in an even parity system, the sum of the 
1s in the data word and the parity bit will always be even 
(Fig 1). All examples in this discussion, except for those 
in Fig 1, use odd parity. A single parity bit can be used 
to detect a single-bit error occurring during a memory 
read cycle, and the technique can be expanded to pro- 
vide even further error handling. 


T: use of parity, the most common error detection 


Parity error detection and correction 

During a memory write, the parity bit which is created 
as a result of the data is written to the memory along 
with the data word for storage. When a read cycle oc- 
curs, parity generation is again performed on the data 
word, creating a new parity bit, which is then compared 
with the original parity bit read from memory. If a dif- 
ference exists between the two parity bits, an error has 
occurred. Although this error cannot be located with the 
information given, and may have occurred in any bit lo- 


Bob Nelson is responsible for digital systems 
applications and new product definition at National 
Semiconductor Corp, 2900 Semiconductor Dr, Santa 
Clara, CA 95051. His engineering career began at the 
Burroughs Corp, where he worked on semiconductor 
memory systems and system interface design for large 
mainframe computers. Mr Nelson completed his basic 
engineering studies at Citrus College, Azusa, Calif, 
following undergraduate work at Pasadena City 
College. 
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Number 


Data Word Parity of 1s System 


10001010 1 4 even 
10001010 0 3 odd 
01101001 1 5 odd 


Fig 1 Odd and even parity. Value of parity bit is generated 
to satisfy chosen parity system (even or odd) so that sum of 
all 1s, including parity bit, will conform to even or odd 
parity system 


cation in the data word or even in the parity bit, ifitisa 


hard error, its location can be determined through the 
use of additional memory cycles. 

If an error is detected during a memory read cycle, a 
simple procedure called the double complement method 
will determine if the error is hard, and, if so, correct it. 
The method includes a routine during which the suspect 
data and parity bit are complemented and presented to 
the same location in memory for a write cycle. Follow- 
ing the write, a read cycle is performed, and if the error 
is a hard error, the memory will repeat it by providing 
the data with the error bit complemented again. After a 
second complement, the data will be correct. At the end 
of such a correct cycle the memory contains the comple- 
mented data, and one additional write cycle must be 
performed to restore the data in memory (Fig 2). 

During a double complement correct cycle involving a 
data word containing an even number of bit locations, 
the parity test is performed after the second read and 
before the second complement. If the error is hard, a 
parity error will once again be detected following the 
second read. If the error is soft, a parity error will not 
result following the second read. For data words con- 
taining an odd number of bit locations, parity testing 


ist write 
1st read_ 
D—»D 
2nd write 
2nd read 
D—~D 


11010011 O original data 
11010111 O PE (parity error} 
00101000 1 data are complemented 
00101000 1 complemented data 
00101100 1 PE (parity error) 
11010011 O data are complemented 


hard error location 
Fig 2. Hard error correction with parity. Single parity bit 
can be used to correct single-bit hard error with double 
complement method. On each memory read, original parity 
bit is read and new parity check is done on bits in data 
word. New parity bit is then compared with that read for 
validity 
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0101 PE 01011 
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errors 
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2nd write 
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1st write 

1st read PE 
D—.D 

2nd write 

2nd read 
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Fig 3 Even/odd word and hard/soft parity errors. Data 
words with even number of bits do not yield parity error on 
second read (a), nor soft error (b). Hard error, however, 
will be corrected 


must be performed at different times during the correct 
cycle. In both cases, a double complement correct cycle 
can determine the type of error and, if it is hard, correct 
it (Fig 3). 

If the bit in error is hard, the double complement cor- 
rect can also be used to determine the bit’s location in 
the data word. To do this, the data word and parity 
must be stored in a register when an error is detected. At 
the conclusion of the hard error correcting cycle, the 
location of the failing bit is determined by comparing 
the correct data with the contents of the register (Fig 4). 

Thus, the use of a single parity bit not only makes it 
possible to deduce the error type, but also to locate and 
correct hard errors. This technique is useful for low cost 
terminal and word processing systems since, where retry 
is acceptable, the small amount of additional hardware 


...the double complement 
method...also points the way to more 
sophisticated double-bit error 
correction and error management 
systems. 


required can often eliminate the cost of an unscheduled 
service call. If a hard error can be detected, a double 
complement correct cycle will correct it, and the tech- 


1010 
1011 
0100 
0100 
0101 PE | 

1010 1 compare with REG 1010 1 


—— location = 0001 0 


Fig 4 Locating hard errors with parity. Use of register for 
temporary storage enables double complement cycle to 
locate single hard error 


ist write 
ist read __ 
D—»D 
2nd write 
2nd read 
D—»D 


PE, D-REG 1011 1 
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nique combined with an error checking and correction 
(ECC) system can also provide extended error correction 
capability when hard errors are involved. 


ECC and double complement 

The double complement method in combination with an 
ECC system can correct additional errors, both hard and 
soft. The ECC system under discussion here uses the 
code implemented by National Semiconductor in the 
DP8400 ECC device (Fig 5) to perform 1-bit error correc- 
tion and 2-bit error detection. In an ECC system for 
16-bit data words, such as the one discussed here, six 
parity bits are generated. Each of the parity bits is 
assigned a value as a function of the sum of the Isina 


1 
012345678: 90 
LSB—————error locations 


fe) 
1 
syndrome 2 
words 3 
4 
MSB_ 5 


Fig 5 Check bit generator for data words. Code used is 
that implemented in National Semiconductor’s DP8400 ECC 
device 


unique combination of selected bits in the data word. 
Partial word parity bits in an ECC system are referred to 
as check bits. For simplicity, odd parity will be used in 
the examples, although in most ECC systems, including 
those implemented with the DP8400, a combination of 


1 
5 


Ow data word 
LSB 


check 
bits 


MSB 


Fig 6 Error check bits are generated by presenting the data 
word to ECC code matrix and noting corresponding 1s. In 
first row, bits 5 and 9 correspond with 1s in matrix. Thus, 
to maintain odd parity LsB of check bits is set to 1 


odd and even parity is used to improve memory diag- 
nostic capabilities. 

An ECC code forms a matrix (Fig 6) to which a data 
word can be presented for the generation of check bits. 
Given a data word, such as 0000010001000000, and the 
uppermost horizontal row of the matrix in Fig 7, check 
bit 0 is to be assigned a value based on the sum of cor- 
responding 1s in that row and the data word. Using odd 
parity, the corresponding 1!s in locations 5 and 9 dictate 
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Write 00000100010000000 000101 
Read 00000100010100000 000101 error in 11 
Generate 00000100010100000 010110 new check bits 


XOR check bits 010011 
syndrome bits 


Fig 7 Generating syndromes for locating error. Syndrome 
word is result of exclusive OR (xOR) of error check bits. 
No-error condition would result in syndrome word of all 0s 


a value of 1 for the parity bit. For check bit 1, the 
selected location of correspondence is 9 only. Check bit 
1 is assigned a value of 0 for odd parity. The complete 
set of check bits for this particular word is 000101 
(OS HEX). 

After check bit generation, the data and check bits go 
to the memory. During the read a new set of check bits 
are generated and compared against the check bits read 
from memory. The results of this check bit compare, an 
exclusive OR (XOR) function, are the syndromes (Fig 7). 
The single error indicating syndrome word is unique and 
is interpreted by the syndrome decoder to indicate the 
column in the matrix corresponding to the error loca- 
tion. The matrix or code is therefore a check bit genera- 
tor for data, but a syndrome generator for error 
locations. 


The...method in combination with an 
ECC system can correct additional 
errors, both hard and soft. 





5 9 
0000000000000000 110011 
0000010001000000 110011 
1111101110111111 001100 
1111101110111111 001100 
1111101111111111 001100 
0000010000000000 110011 


000010 
= 
Fig 8 Correction of hard and soft errors. In the case of 
data word with one hard and one soft error, double 
complement method has corrected hard error and 


determined existence of soft error, which is then located by 
syndrome word and can be corrected 
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The check bits, or partial word parity bits, generated 
by modified Hamming codes and the code used in the 
DpPs400, are also capable of providing complete error 
reporting. Since the single error reporting syndrome 
words contain an odd number of Is and the total num- 
ber of Is is greater than one, 2-bit errors can easily be 
distinguished from a 1-bit or detectable triple-bit error. 
The Dps400 monolithic Ecc device performs this. error 
determination by counting the number of Is in the error 
indicating syndrome words. When no error exists, the 
syndrome word contains no 1s, and when a single check 
is in error, a single 1 is present in the syndrome word. 
When an odd number of data bits are in error, the num- 
ber of 1s in the syndrome word is odd and greater than 1 
(3 or 5 in this example); if an even number of bits are in 
error, the syndrome word contains an even number of 
1s greater than 0 (2, 4, or 6). 








An ECC system implemented with the Dps40o can, at 
minimum, detect 100% of 2-bit errors; all of these er- 
rors are correctable if no more than one of them is soft. 
The device has complement write and read modes to al- 
low the double complement correct technique to be used 
with no additional hardware, and other Ecc devices can 
be used with additional components to implement the 
function. 

In Fig 8, a soft error exists in location 5 and a hard er- 
ror in location 9. During a memory read, the generated 





The matrix or code is...a check bit 
generator for data, but a syndrome 
generator for error locations. 





syndromes are the Xor of the single error that indicates 
syndrome words representing the error locations. 
110001 (+) 001011 = 111010 [31 (+) OB = 3A HEX]. 
Since a double error is indicated—an even number of Is 
in the syndrome word—the data and check bits are com- 
plemented and placed in the output registers for presen- 
tation to the memory. After the memory write and 
subsequent read, the new data are complemented and 
stored in the data input latch. The error in location 5 
remains in the data. A new set of check bits is generated 
from the data in the data input latch and compared with 
that in the check bit input latch, producing the syn- 
drome word 110001 (31 HEX), which corrects the 
remaining error. 

A detected double-bit error followed by a double 
complement correct cycle is properly reported as to ini- 
tial error type. If the detected errors were both soft, for 
example, no change would occur in the data or check 
bit, and the Ecc device error flags would again report a 
double-bit error. If, after the second read and comple- 
ment, the error flags still report a single-bit error, the 
hard error (of a hard and soft combination) has been 
corrected and only the soft error remains. Of course, the 
single remaining error will be corrected in the normal 
manner by the ECC device. In the case of a double hard 
error, the error flags will report a no-error condition 
following the second read cycle, indicating that both er- 
rors were corrected and that the data are valid. 
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( SPECIAL REPORT ON MEMORY SYSTEMS DESIGN 
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SIMPLIFICATION OF 2-BiT 
ERROR CORRECTION 


Bit by bit, errors can be detected and eliminated through 


the use of an error matrix 


by Bob Nelson 


rules attributed to the Hamming code and many of 

its variations, can be used to extend error detection 
and error correcting efficiency in an error checking and 
correction system. Such a code has been implemented 
by National Semiconductor on the DP8400, an expand- 
able error checking and correction device packaged in 
a 48-pin dual inline package. The DP8400 can be used in a 
minimum hardware implementation of a 2-bit error cor- 
rection system which will serve as an introduction to the 
rotational syndrome word generator, and also lead the 
way to expanding the error correcting capabilities even 
further. 


A computer-generated code, which generally obeys the 


Syndrome words 

The code used in an error checking and correction (ECC) 
system designed to correct 1-bit errors and detect 2-bit 
errors for 16-bit data words may be viewed as a 16 x 6 
matrix (Fig 1). The matrix describes the error locations 
and the syndrome bit positions so that the upper left bit 
of the matrix defines the least significant bit (LSB) for 
both the error locations and the syndrome bit locations. 
Each vertical column of the matrix contains the syn- 
drome word (syndrome bits) for that error location in 


Bob Nelson is responsible for digital systems 
applications and new product definition at National 
Semiconductor Corp, 2900 Semiconductor Dr, Santa 
Clara, CA 95051. His engineering career began at the 
Burroughs Corp, where he worked on semiconductor 
memory systems and system interface design for large 
mainframe computers. Mr Nelson completed his basic 
engineering studies at Citrus College, Azusa, Calif, 
following undergraduate work at Pasadena City 
College. 
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the data word. For any number of errors, the syndrome 
word generated by presenting the data word to the ma- 
trix is the exclusive OR (XOR) of the syndrome words 
defined by the error positions. To correct an error, the 
location of the error must be uniquely identified, and 
thus the 16 vertical columns must each be unique. A 
modified Hamming code generates a unique syndrome 
word for every possible data bit error location and 
hence may be referred to as a syndrome word generator. 

Using syndrome words containing an odd number of 
1s is the most common ‘‘modification’’ to the Hamming 
code. By ensuring that the syndrome words (vertical col- 
umns in the matrix) contain either three or five 1s, all 
applicable error conditions may be defined by counting 
the syndromes. The absence of a syndrome (ie, a syn- 
drome containing all 0s and no 1s) indicates no error; an 
odd number greater than one (3 or 5 in this case) defines 
the location of a single-bit error. Any simultaneous 
double error will provide a syndrome word containing 
an even number of Is greater than zero, while a single 1 
in the syndrome word is indicative of a failure in the 
check bit portion of memory. 

The rotational syndrome word generator described 
here also contains an odd number of 1s in each syn- 
drome word. One additional characteristic common to 
both the Hamming code and most of its modified ver- 
sions is that byte parity is an integral part of the matrix 
itself. However, the code implemented in the DP8400 ECC 
device and discussed here does not consider byte parity, 
or word parity, as a part of the code itself. 

A 2-bit error correction system may be implemented 
in either of two ways. A code designed to allow 2-bit 
error correction may be used, or an existing single-bit 
error correct code may be extended by adding a second, 
different code which will ensure that each syndrome 
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Fig 1 ppssoo generates unique syndrome word to indicate 
single-bit error position. Generated syndrome word 
containing all 0s means there is no error in data word. 


word generated for any two error locations will be 
unique. Thus, a secondary, and different, 16 x 6 matrix 
connected to the primary matrix to form a 16 x 12 
matrix will allow double-bit error correction if the XOR 
of the two 12-bit syndrome words produces a unique 
word for any two error locations. 


Second matrix 

The definition of an ECC matrix requires specifying a 
correspondence between error‘locations and syndrome 
words that defines the error location for each set of 
single-error syndromes. If a matrix is resequenced such 
that any error location corresponds to a syndrome word 
different from the original (primary) matrix, a second 
matrix has been created. For a 16-bit ECC matrix, 16!, 
or 2.092279 x 10%13, different codes exist. If a second 
code exists such that when it is combined with the first 
code (each containing the same syndrome words, but in 
a different sequence), a unique, larger syndrome word is 
generated for any two error locations, then an expand- 
able code has been created (Fig 2). 

The matrix, or code, used in the DP8400 device is 
defined such that if a second matrix, identical to the 
first but shifted by one bit position, is combined with 
the first, it would form just such a larger matrix. This 
matrix is fully rotational in that the secondary matrix 
need only be rotated, or shifted one error bit position to 
the left or right with respect to the primary matrix, to 
form larger, unique syndrome words regardless of the 
assigned correspondence of the primary matrix. 
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Fig 2 Code in pps4o can be expanded by adding second 
device with code shifted by one bit position. Note that 
bottom six bits of each column are identical to top six bits 
in column to immediate right. 


Implementation of this code in the DP8400 allows the 
data word size to be extended beyond 80 bits, using one 
device for each additional 16-bit word or portion 
thereof. The code function as a rotational syndrome 
word generator exists for all these defined word widths 
(Fig 3). 

In addition to the rotational syndrome word genera- 
tor, the DPs400 has two important features that permit 
an easy implementation of a 2-bit error correction 
system. During a memory read, the error indicating syn- 
dromes can be accessed directly by outputting them to 
the syndrome input/output (1/0) ports; syndrome can 
also be presented to the syndrome !/O ports to be XORed 
with the internally generated syndromes inside the 
Dps400. The internal syndrome decoder is provided with 
the result. 


Error locations-—————+ 0 and 1 
produce 
HEX syndrome word ——= E34 (+) A78 = 44C 
but 
Error locations > _ 2 and 4 
produce 
HEX syndrome word—— 1E9 (+) C65 = D8C 


Fig 3 Unique syndrome is produced for each pair of error 
locations which is xor of the locations. That syndrome can — 
be decoded to identify pair in error. 


If, for example, the internally generated 2-bit error 
syndromes are XORed with externally provided syn- 
dromes, representing one of the bits in error, the 
resulting syndromes representing the unknown error 
will be presented to the internal syndrome decoder. 
Once the unknown error is corrected, the data can be 
output to the data bus. The apparently correct data 
return zero syndromes (those containing all Os) which, 
when XORed with the syndromes being injected, pro- 
duce the syndromes representing the unknown error and 
present them to the syndrome decoder. This second 
error can then be corrected. , 


Using syndrome words containing an 
odd number of Is is the most common 
‘‘modification’’ to the Hamming code. 


As described, the DP8400 is implemented for a 16-bit 
system. This ‘‘primary’’ ECC device will provide at its 
syndrome I/O pins the primary, or least significant six, 
syndrome bits of an extended matrix ECC system. A 
‘*secondary’’ ECC device is interfaced to the memory 
system with the data pin-to-system data bit correspon- 
dence rotated by one bit position, thus producing the 
extended matrix just described. The second device re- 
quires a second set of check bits; these secondary, or 
most significant six, syndrome bits are provided by the 
second DP8400. 

The resulting 12-bit syndrome word can be externally 
decoded to provide the syndromes to be injected to 
effect 2-bit error correction. In system use, the exter- 
nally decoded syndromes will be stored in a register. 
After the syndrome 1/0 port of the primary ECC device 
has been “‘turned around,’ the register outputs are 
enabled to allow syndrome injection. 





Each of the DP8400 devices provides a set of error 
flags. Since each device maintains an independent check 
bit field in memory, errors occurring within a given 
check bit field are easily and quickly determined. If the 
errors, regardless of number, are confined solely to the 
check bit field of one of the devices, a no-error condi- 
tion will be indicated. 

The syndrome word generated by this system is unique 
for any combination of 2-bit data errors; both devices 
see an even number, greater than zero, of Is in the syn- 
drome word (Fig 4). For 2-bit errors involving one data 
bit and one check bit in either the primary or secondary 
check bit fields, the DP8400s report an even, greater than 
zero, and odd number of 1s in the syndromes; again, the 
syndromes are unique. The remaining type of 2-bit 
error, that in which both errors occur in either the 
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Fig 4 Number and type of errors can be determined by 
looking at combination of even or odd numbers of Is in the 
primary and secondary check bit fields. 


primary or secondary check bit fields, produces its own 
unique syndrome word. However, since one DP8400 
reports an even number of Is in its syndrome word and 
the other reports all Os, the data are known to be valid. 
In addition, in this particular 2-bit error correct system, 
nearly half of the 3-bit errors result in unique syndrome 
words and are therefore correctable as well. 


Decoding the syndromes 

A programmable read only memory (PROM) or electri- 
cally programmable read only memory (EPROM) is 
required as an external syndrome decoder for this 2-bit 
error correction system. The PROM address inputs are 
provided by the 12 syndrome bits generated by the two 
ECC devices. The least significant six bits of the PROM 
output byte provide, when required, the syndrome bits 
for subsequent injection into the primary DP8400. The 
remaining two bits of the PROM output byte provide 
flags defining the type of error and the contents of the 
six LSBs of the PROM output byte [Fig 5(a)]. 

The Dps400’s error flags provide initial error deter- 
mination; if an error that is not a single-bit error occurs, 
the external syndrome decoder will provide further error 
determination. Some types of error do not require syn- 
drome injection and are referred to as ‘‘zero-pass’’ cor- 
rectable errors. An example of such an error is one with 
a data bit and a secondary check bit in error. This type 
of error is corrected by the primary ECC device. An 
error type that. requires ‘‘one-pass’’ correction is one 
with two data bits in error. In this case, syndromes rep- 
resenting a known error are injected into the DP8400, 


allowing correction of the unknown error. The re- 
maining single error is then corrected. 

The remaining error type, the ‘‘two-pass’’ error, can 
sometimes be a correctable 3-bit error. The syndromes 
representing a 2-bit error condition are injected, 
allowing correction of one error. The remaining 2-bit 
error produces a new set of syndromes which requires 
external (second-pass) decoding to produce a set of 
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Fig 5 When a PpRoM is used as external syndrome decoder, 
its output byte can supply additional data about the error 
and how it is to be most efficiently corrected. 
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FLAGS 
BITS 6, 7 
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ERROR DATA 
BITS 0105 


Fig 6 A 2-bit Ecc system can be implemented with two 
DpPs400s, a 4k-byte PROM for external syndrome decoding, 
and a register for temporary storage of syndromes error 
data. Note that the altered sequence of the lines from the 
secondary DPs400 reflects the bit rotation needed to expand 
the unique matrix. 
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Vane *DC16AROM. BAS' Bob Nelson - Sunnyvale CA - 9/15/81 ae 
tae This program generates the syndrome decoder ROM code for balialial 
lake use in implementing a primary syndrome injection two bit wee 
i aiel correction code generated by a single bit left rotation eae 
Vake of the secondary matrix. The primary is a_ Rotational idl? 
teak Syndrome Generator as defined by National Semiconductor nee 
eee in the DP8400. The LPRINT routine may be replaced with a eae 
tae FILE generator or OUTP routine to facilitate the use of a wae 


' eke PROM/EPROM PrograMmMer.wscseccccsscceveece kee 
ae RIK He He Bee IT Ree BRT IH Ae AIT REIT TOI TIARA GI GTO a RA IO a ok 


DEFINT A-2:DIM SYND(16), PRI(16), ROM(4096,1) 

READ A:B=A:FOR C=0 TO 14:READ D:SYND(C)=D*64+A: PRI(C)=A:A=D 

NEXT: SYND(15)=B*64+A: PRI(15)=D 

DATA 52,56,41,7,37,49,35,25,62,11,13,19,44,55,47,31: 'NSC 80F/2 MATRIX 

ROM(0,1)=224:FOR A=1 TO 4095:ROM(A,1)=184:NEXT 

FOR A=0 TO 13:FOR B=A+l TO 14:FOR C=B+l TO 15 300 - 560 

AD=SYND(A) XOR SYND(B) XOR SYND(C):AE=PRI(A) XOR PRI(B) 

IF ROM(AD,1)=184 THEN ROM(AD,1)=AE+64 ELSE ROM(AD,1)=183 

NEXT: NEXT: NEXT 

FOR A=0 TO 14:FOR B=A+l TO 15 

AD=SYND(A) XOR SYND(B):ROM(AD,1)=PRI(A) | 
FOR C=0 TO 5:P=24C 

IF (AD AND P)=0 THEN AE=AD+P ELSE AE=AD-P 

IF (PRI(A) AND P)=0 THEN AF=PRI(A)+P+64 ELSE AF=PRI(A)-P+64 

IF ROM(AE,1)=184 THEN ROM(AE,1)=AF ELSE ROM(AE,1)=183 

NEXT 

FOR C=0 TO 5:S=64*2%C 

IF (AD AND S)=0 THEN AE=AD+S ELSE AE=AD-S 

IF ROM(AE,1)=184 THEN ROM(AE,1)=PRI(A) ELSE ROM(AE,1)=183 

NEXT: NEXT: NEXT 

FOR A=0 TO 15:AD=SYND(A):ROM(AD,1)=228 

FOR B=0 TO 5:P=24B 

IF (AD AND P)=0 THEN AE=AD+P ELSE AE=AD-P 

ROM(AE,1)=205 

FOR! C=B+1l TO 5:P=24C 

IF (AE AND P)=0 THEN AF=AE+P ELSE AF=AE-P 

IF ROM(AF,1)=184 THEN ROM(AF,1)=213 ELSE ROM(AF,1)=183 

NEXT: NEXT 

FOR B=0 TO 5:S=64*24B 

IF (AD AND S)=0 THEN AE=AD+S ELSE AE=AD-S 

ROM(AE,1)=238 

FOR C=Bt+l TO 5:S=64*2% 

IF (AE AND S)=0 THEN AF=AE+S ELSE AF=AE-S 

IF ROM(AF,1)=184 THEN ROM(AF,1)=245 ELSE ROM(AF,1)=183 

NEXT: NEXT 

FOR B=0 TO 5:P=24B:FOR C=0 TO 5:S=64*24C 

IF (AD AND P)=0 THEN AE=AD+P ELSE AE=AD-P 

IF (AD AND S)=0 THEN AE=AE+S ELSE AE=AE-~S 

FOR D=0 TO 5:E=24D 

IF ROM(AE,1)=D THEN ROM(AE,1)=183:GOTO 3540 

IF ROM(AE,1)=184 THEN ROM(AE,1)=P 

NEXT D 

NEXT C:NEXT B:NEXT A 

FOR A=0 TO 5:FOR B=0 TO 5 ‘Oll 
AD=24A+64* 24B: ROM(AD,1)=235 

FOR C=A+l TO 5:AE=AD+24C ‘012 
IF ROM(AE,1)=184 THEN ROM(AE,1)=243 ELSE ROM(AE,1)=183 

NEXT 

FOR C=B+l TO 5:AE=AD+64¥*24C ‘021 
IF ROM(AE,1)=184 THEN ROM(AE,1)=243 ELSE ROM(AE,1)=183 

NEXT: NEXT: NEXT 

FOR A=0 TO 5:AD=24A:ROM(AD,1)=225 ‘001 
FOR B=A+l TO 5:AE=AD+24B:ROM(AE,1)=233 002 
FOR C=B+l TO 5:AF=AE+2/‘C "003 
IF ROM(AF,1)=184 THEN ROM(AF,1)=241 

NEXT: NEXT: NEXT 

FOR A=0 TO 5:AD=64*24A:ROM(AD,1)=226 010 
FOR B=A+l TO 5:AE=AD+64*24B:ROM(AE,1)=234 020 
FOR C=B+l TO 5:AF=AE+64*24C ‘030 
IF ROM(AF,1)=184 THEN ROM(AF,1)=242 

NEXT: NEXT: NEXT 

B=0:C=0:FOR A=0 TO 4095:HS=HEX$(ROM(A,1)): ‘LPRINT ARRAY 
B=B+1:C=C+l:IF LEN(H$)=1 THEN H$="0"+H$ 

LPRINT USING "\ \";HS$;:IF C<>16 THEN 3770 

C=0:LPRINT" ";HEXS(A) 

IF B<>256 THEN 3790 

B=0:LPRINT: LPRINT 

NEXT 
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Vaek *DCLEAMAP.BAS' Bob Nelson - Sunnyvale CA - 9/15/81 nae 
Pictates This program generates the syndrome maps for a primary setiat 
Vaee syndrome injection implementation of a 16 bit word two kee 
teen bit error correct system utilizing a Rotational Syndrome eae 
Nb dial Word Generator as implemented in the DP8400 by National ee 
‘eee Semiconductor. These maps are based on single bit left ialialial 
LRES rotation of the secondary matrix. The 'c' and 'd’ notes tht 
cee in the maps denote non-correctable and non-detectable sth ies 


‘eee three bit error CONdGICIONS. .. cc cece rece eee r eens evececece ake 
IP SSSASESSSSSAESESSAE SASS LETS RSE SSS SSE SESE SES ESE SESE SELES ESE SESE SESE SESE EG 


DEFINT A-Z:DIM SYND(16),PRI(16),ROM(1132,1):P$="PRIMARY":S$="SECONDARY" 
READ A:B=A:FOR C=0 TO 14:READ D:SYND(C)=D*64+A: PRI (C)=A:A=D 

NEXT: SYND(15)=B*64+A:PRI(15)=D 

DATA 52,56,41,7,37,49,35,25,62,11,13,19,44,55,47,31l: 'NSC 80F/2 MATRIX 
LPRINT "ONE DATA ERROR SYNDROME MAP":LPRINT 

FOR A=0 TO 15:LPRINT USING"##";A;:LPRINT” ";:NEXT: LPRINT: LPRINT 

FOR A=0 TO 15:LPRINT HEX$(SYND(A));" ";:NEXT: LPRINT 

FOR A=1 TO 4:LPRINT:NEXT 

LPRINT" TWO DATA ERROR CORRECT SYNDROME MAP":LPRINT 

FOR A=l1 TO 15:LPRINT USING"##"3;A;:LPRINT" "; sNEXT: LPRINT: LPRINT 

FOR A=0 TO 14:FOR B=At+l TO 15:AD=SYND(A) XOR SYND(B) "200 - 120 
ROM(X,1)=AD:H$=HEX$(AD):IF LEN(H$)=2 THEN HS="0"+HS$ 

LPRINT H$;" “ssX=X+1l:NEXT B:LPRINT USING"###";7A 

LPRINT TAB((A+1)*5+1);:NEXT A:FOR A=1l TO 4:LPRINT:NEXT 

FOR A=0 TO 5:S=64*24A:FOR B=0 TO 5:P=24B:FOR C=0 TO 15 "lll - 576 
AD=SYND(C):IF (AD AND P)=0 THEN AD=AD+P ELSE AD=AD-P 

IF (AD AND S)=0 THEN AD=AD+S ELSE AD=AD-S 
ROM(X,1)=AD:X=X+1:NEXT:NEXT:NEXT:A$=" " 

LPRINT"ONE DATA, ONE PRI, ONE SEC CHECK ERROR SYNDROME MAPS":LPRINT 
LPRINT:X=120:FOR A=0 TO 5:LPRINT"SECONDARY CHECK BIT";A:LPRINT 

FOR F=0 TO 15:LPRINT USING"##";F;:LPRINT" "“;:NEXT F:LPRINT: LPRINT 

FOR B=0 TO 5:FOR C=0 TO 15:FOR E=0 TO 119 

IF ROM(E,1)=ROM(X,1) THEN AS="d":EQO=E0+1:GOTO 1370 ELSE NEXT E 

FOR D=120 TO 695:IF D=X THEN D=D+1l 

IF ROM(D,1)=ROM(X,1) THEN AS="c":E2=E2+1 ELSE NEXT D 

HS=HEX$ (ROM(X,1)):IF LEN(H$)=2 THEN H$="0"+HS 

LPRINT HS;AS;:X=X+1l:AS=""":NEXT C:LPRINT USING"####"; 

NEXT B:LPRINT: LPRINT: NEXT A 

LPRINT"576 ONE DATA, ONE PRI, ONE SEC CHECK errors are possible." 
LPRINT EO;"“TWO DATA errors are not detectable.":LPRINT E2; 

LPRINT “ONE DATA, ONE PRI, ONE SEC CHECK errors are not correctable." 
LPRINT 100*((576-E0)/576):"PERCENT DETECT - "; 

LPRINT 100*((576-E0-E2)/576;"PERCENT CORRECT" 

FOR A=l TO 4: LPRINT: NEXT: EA=E0: E0=0: EC=E2:E2=0 

X=0:FOR A=0 TO 15:AD=SYND(A):ROM(X,1)=AD:X=X+1l:NEXT ‘100 - 16 
FOR A=0 TO 5:P=24A:FOR B=0 TO 5:S=64*24B ‘Oll - 36 
AD=P+S:ROM(X,1)=AD:X=X+1:NEXT:NEXT 

FOR A=0 TO 15:FOR B=A+l TO 15:FOR C=B+l TO 15 ‘300 - 560 
AD=SYND(A) XOR SYND(B) XOR SYND(C) 

ROM(X,1)=AD:X=X+1:NEXT:NEXT: NEXT 

FOR A=0 TO 5:P0=24A:FOR B=A+l TO 5:P1l=24B ‘102 - 240 
FOR C=0 TO 15:AD=SYND(C):IF (AD AND P0)=0 THEN AD=AD+P0 ELSE AD=AD-P0 
IF (AD AND P1l)=0 THEN AD=AD+P1 ELSE AD=AD-P1 
ROM(X,1)=AD:X=X+1:NEXT:NEXT: NEXT 

FOR A=0 TO 5:S0=64*2%A:FOR B=A+l TO 5:$1=64*2%B "120 - 240 
FOR C=0 TO 15:AD=SYND(C):IF (AD AND S0)40 THEN AD=AD+SO ELSE AD=AD-SO0 
IF (AD AND Sl)=0 THEN AD=AD+Sl1 ELSE AD=AD-S1 
ROM(X,1)=AD:X=X+1:NEXT:NEXT:NEXT 

LPRINT" THERE DATA BIT ERROR SYNDROME MAPS":LPRINT: LPRINT 

X=52:AS=" ":FOR A=0 TO 13:LPRINT"DATA bit";A:LPRINT 

FOR D=A+2 TO 15:LPRINT USING"##"3:D;:LPRINT" "; :NEXT: LPRINT: LPRINT 
FOR B=A+l TO 14:FOR C=B+l TO 15:FOR E=16 TO 51 

IF ROM(E,1)=ROM(X,1) THEN AS="d ":EQ=E0+1:GOTO 1690 ELSE NEXT E 

FOR F=612 TO 1091 

IF ROM(F,1)=ROM(X,1) THEN AS="c "“:E1=E1+1:GOTO 1690 ELSE NEXT F 

FOR G=52 TO 611:IF G=X THEN G=G+l 

IF ROM(G,1)=ROM(X,1) THEN AS="c ":E2=E2+1 ELSE NEXT G 

HS =HEX$ (ROM(X,1)):IF LEN(H$)=2 THEN HS$="0"+HS 

LPRINT HS;AS$;:X=X+1:A$="_ ":NEXT C:LPRINT USING "###";B 

LPRINT TAB((B-A)*5+1);:NEXT B:LPRINT: LPRINT: NEXT A 

LPRINT"560 THREE DATA BIT errors are possible.":LPRINT EO; ; 
LPRINT"ONE PRI, ONE SEC CHECK errors are not detectable.":LPRINT El; 
LPRINT"ONE DATA, TWO PRI or TWO SEC CHECK errors are not correctable." 
LPRINT -E2;"THREE DATA BIT errors are not correctable." 

LPRINT 100*((560-E0)/560);"PERCENT DETECT - "; 

LPRINT 100*((560-E0-E1-E2)}/560);"PERCENT CORRECT" 

FOR A=l TO 4:LPRINT:NEXT A: EA=EA+E0: EB=EB+E1:EC+EC+E2 

LPRINT"ONE DATA, TWO PRIMARY CHECK ERROR SYNDROME MAPS":LPRINT: LPRINT 
AS="_"3E0=0:E1=0:E2=0:FOR A=0 TO 4:LPRINT"PRIMARY check bit";A:LPRINT 
FOR F=0 TO 15:LPRINT USING "##";F::LPRINT" "“3;:NEXT F:LPRINT: LPRINT 
FOR B=A+l TO 5:FOR C=0 TO 15:FOR E=852 TO 1091 
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FOR F=52 TO 611 

IF ROM(F,1)=ROM(X,1) THEN A$="c":E2=E2+1:GOTO 1860 ELSE NEXT F 

IF ROM(E,1)=ROM(X,1) THEN AS="c":El-El+l ELSE NEXT E 

HS =HEX$ (ROM(X,1)):IF LEN(H$)=2 THEN HS="0"+HS 

LPRINT HS;AS;:X=X+1l:sA$="_ "sNEXT CsLPRINT USING "####";B 

NEXT B:LPRINT: LPRINT: NEXT A 

LPRINT"240 ONE DATA, TWO PRIMARY CHECK errors are possible." 

LPRINT El;"ONE DATA, TWO SECONDARY CHECK errors are not correctable." 
LPRINT E2;"THREE DATA BIT errors are not correctable." 

LPRINT"100 PERCENT DETECT - ";100*((240-E1-E2)/240);"PERCENT CORRECT" 
FOR A=l TO 4:LPRINT:NEXT A: EB=EB+E1+E2:E£1=0:E2=0 

LPRINT"ONE DATA, TWO SECONDARY CHECK ERROR SYNDROME MAPS":LPRINT 
LPRINT:FOR A=0 TO 4: LPRINT"SECONDARY check bit";A:LPRINT 

FOR F=0 TO 15:LPRINT USING "##";F;:LPRINT" “;:NEXT F:LPRINT: LPRINT 
FOR B=A+l TO 5:FOR C=U TO 15:FOR E=612 TO 851 

FOR F=52 TO 611 

IF ROM(F,1)=ROM(X,1) THEN AS="c":E2=E2+1:GOTO 2010 ELSE NEXT F 

IF ROM(E,1)=ROM(X,1) THEN AS$="c":E1=El+l ELSE NEXT E 

H$ =HEX$ (ROM(X,1)):IF LEN(HS$)=2 THEN HS="0"+HS 

LPRINT H$;A$;:X=X+l:AS="_":NEXT C:LPRINT USING "####";B 

NEXT B: LPRINT: LPRINT:NEXT A 

LPRINT"240 ONE DATA, TWO SECONDARY CHECK errors are possible." 
LPRINT El;"ONE DATA, TWO PRIMARY CHECK errors are not correctable." 
LPRINT E2;"THREE DATA BIT errors are not correctable." 

LPRINT"100 PERCENT DETECT - ";100*((240-E1-E2)/240);"PERCENT CORRECT" 
FOR A=l TO 4:LPRINT:NEXT A: EB=EB+E1+E2:AS=" ":C0Q=1:C1=64 

IF W=l THEN PS="SECONDARY":SS$="PRIMARY" :CO=64:Cl=1 

X=0:FOR A=0 TO 15:AD=SYND(A):FOR B=0 TO 5:P=C0*24B "101/110 - 96 
IF (AD AND P)=0 THEN AE=AD+P ELSE AE=AD-P 

ROM(X,1)=AE:X=X+l:NEXT B:NEXT A 

FOR A=0 TO 5:S=C1*24A:FOR B=0 TO 15:FOR C=B+l TO 15 '210/201 - 720 
AD=SYND(B) XOR SYND(C):IF (AD AND S)=0 THEN AE=AD+S ELSE AE=AD-S 
ROM(X,1)=AE:X=X+1l:NEXT C:NEXT B:NEXT A 

FOR A=0 TO 5:AD=C1*24A:FOR B=0 TO 4:AE=AD+C0*24B "012/021 - 90 
FOR C=B+l TO 5:ROM(X,1)=AE+CO*24C:X=X+1:NEXT: NEXT: NEXT 

AS="  “:LPRINT"TWO DATA, ONE ";:LPRINT SS; 

LPRINT" CHECK ERROR SYNDROME MAPS":LPRINT:LPRINT 
X¥=96:E0=0:E1=0:E2=0:FOR A=0 TO 5:LPRINT SS; 

LPRINT" check bit";A:LPRINT 

FOR F=l1 TO 15:LPRINT USING"##";F;:LPRINT" “;:NEXT F: LPRINT: LPRINT 
FOR B=0 TO 14:FOR C=B+tl TO 15;FOR D=0 TO 95 

IF ROM(D,1)=ROM(X,1) THEN AS$="d “:EO=E0+1:GOTO 2280 ELSE NEXT D 

FOR G=96 TO 815:IF G=X THEN G=G+l 

IF ROM(G,1)=ROM(X,1) THEN AS$="c ":E2=E2+1:GOTO 2280 ELSE NEXT G 

FOR E=816 TO 905 

IF ROM(E,1)=ROM(X,1) THEN AS$="c ":E1+E1+1 ELSE NEXT E 

HS=HEX$ (ROM(X,1)):IF LEN(H$)=2 THEN HS="0"+HS$ 

LPRINT H$;A$;:X=X4+1:AS=" ":NEXT C:LPRINT USING" ####";B 

LPRINT TAB( (B+1)*5+1);:NEXT B: LPRINT: LPRINT:NEXT A 

LPRINT"720 TWO DATA, ONE ";:LPRINT MIDS(S$,1,3); 

LPRINT" CHECK errors are possible.” 

LPRINT EO;"ONE DATA, ONE ";:LPRINT MIDS(PS$,1,3); 

LPRINT" CHECK errors are not detectable.":LPRINT El;"TWO "; 

LPRINT MIDS(P$,1,3);:LPRINT", ONE ";:LPRINT MIDS$(SS,1,3)3 

LPRINT" CHECK errors are not correctable." 

LPRINT E2;"TWO DATA, ONE ";:LPRINT MIDS(S$,1,3); 

LPRINT" CHECK errors are not correctable." 

LPRINT 100*((720-E0)/720);"PERCENT DETECT - "; 

LPRINT 100*((720-E0-El-E2)/720);"PERCENT CORRECT" 

FOR A=1 TO 4:LPRINT:NEXT: EA=EA+E0: EB=EB+E1: EC=EC+E2 

LPRINT" TWO ";:LPRINT MID$(P$,1,3);:LPRINT", ONE ";:LPRINT MIDS(SS$,1,3); 
LPRINT" CHECK ERROR SYNDROME MAPS":LPRINT: LPRINT 
¥=816:E0=0:E1=0:E2=0:FOR A=0 TO S:LPRINT S$; 

LPRINT" check bit";A:LPRINT 

FOR F=l TO 5:LPRINT USING "##";F;:LPRINT" "s:NEXT F:LPRINT: LPRINT 
FOR B=0 TO 4:FOR C=B+l TO 5 

FOR D=96 TO 815:IF ROM(D,1)=ROM(X,1) THEN AS$="c ":El=El+1l ELSE NEXT D 
HS=HEX$ (ROM(X,1)):IF LEN(H$)=2 THEN HS$="0"+HS 

LPRINT HS$;A$;:X=X+1l:AS=" “:NEXT C:LPRINT USING" ##"; 

LPRINT TAB((B+1)*5+1);:NEXT B:LPRINT: LPRINT:NEXT A:LPRINT"90 TWO "; 
LPRINT MID$(P$,1,3)3;:LPRINT", ONE ";:LPRINT MIDS$(S$,1,3)3 

LPRINT" CHECK errors are possible.":LPRINT El;"TWO DATA, ONE "“; 
LPRINT MID$(S$,1,3);.:LPRINT" CHECK errors are not correctable.” 
LPRINT"100 PERCENT DETECT - ";100*((90-E1)/90);"PERCENT CORRECT" 
FOR A=l TO 4:LPRINT: NEXT A: EA=EA+E0;: EB=EB+E1]: EC=EC+E2 

IF W=0 THEN W=1:GOTO 2090 

FOR A=l TO 4:LPRINT:NEXT 

LPRINT"3290 THREE BIT ERRORS (all types) are possible." 

LPRINT EA;"of these errors cannot be detected." 

LPRINT EB+EC;"of these errors cannot be located." 

LPRINT 100*((3290-EA)/3290);"PERCENT DETECT - "; 

LPRINT 100*( (3290-EA-EB-EC)/3290);"PERCENT CORRECT" 
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single-bit error syndromes. The error status at this point 
is that of a ‘‘one pass’’ error, and correction proceeds 
accordingly. 

When a zero-pass error or a noncorrectable error 
occurs, the six LSBs from the PROM provide additional 
information. For example, a hexadecimal coded output 
from the PROM [Fig 5(b)] defines a 2-bit error in which 
one bit in error is a data bit and the other a primary 
check bit. The primary ECC device detects a 2-bit error 
while the secondary device detects only the data bit in 


Some types of error do not require 
syndrome injection and are referred to 
as ‘zero-pass’’ correctable errors. 


error. Bit 5 of the PROM output directs the secondary 
device to output corrected data to the system. In most 
cases, bit 5 is a 1, and corrected data are output from 
the primary ECC device. Bits 0 through 4 of the PROM 
output define the error type and the number of bits in 
error (Fig 6) when the MSB (bit 7) is a 1. When the MSB is 
a 0, syndromes are required for correction, and bits 0 
through 5 represent those syndromes. 


The first of the two programs provided here is called 
‘SDCI6AROM.BAS,’’ and is a listing in hexadecimal 
representing the contents of the syndrome decoding 
PROM. The file may be presented to an output port for 
loading a PROM programmer if minor program changes 
are made. The second program, called ‘‘DCI6AMAP.BAS,”’ 
generates all the required syndrome maps, which 
include flags for all correctable 3-bit errors. These 
programs were written in Microsoft Basic and are 
compilable. 
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SYSTEM DESIGN /(:0Y SYSTEMS 


EFFORTLESS ERROR 
MANAGEMENT 


Basic application of error management techniques is 
based on error history, including the double complement 
error correction cycle 


by Bob Nelson 


hen implemented only in hardware, error 
W management is generally limited to simple error 

logging. In most systems, error logging hardware 
is designed to capture the location of one error and use 
this information for maintenance purposes. In more 
sophisticated systems, however, software extends the 
error management function: after hardware obtains 
error information, data are accumulated on disk to 
expand storage capacity for information relating to 
error locations. Beyond the error information storage 
function of error management, which is useful for 
maintenance, some systems implement a correction pro- 
cedure based on error history. If two errors occur in a 
memory word where an error has previously occurred, it 
is likely that both errors can be corrected. The basic 
error management system described in this article will 
provide a high correction rate for all 2-bit errors, except 
when two soft errors simultaneously occur in a memory 
word with no error history. 


Error management system 

The error management system comprises the central 
processing unit (CPU), the system memory, an error 
checking and correction (ECC) device, and an error 
management unit (EMU). The CPU is a 16-bit machine 


Bob Nelson is responsible for digital systems 
applications and new product definition at National 
Semiconductor Corp, 2900 Semiconductor Dr, Santa 
Clara, CA 95051. His engineering career began at the 
Burroughs Corp, where he worked on semiconductor 
memory systems and system interface design for large 
mainframe computers. Mr Nelson completed his basic 
engineering Studies at Citrus College, Azusa, Calif, 
following undergraduate work at Pasadena City 
College. 


Published in Computer Design, February, 1982. 
Reprinted by permission. 


and requires commensurate memory. Actual memory, 
including the six check bits that the ECC device requires, 
is 22 bits wide. The ECC device is based on the DP8400 
monolithic ECC unit manufactured by National Semi- 
conductor. The EMu is a hypothetical device that can be 
implemented in hardware, partially or entirely, depending 
on system requirements. 

The Dp8400 provides several functions and features 
that allow easy implementation of a minimum hardware 
error management system. Error indicating syndrome 
words must be available to the EMU directly and syn- 
drome injection capability must exist. (See ‘‘Simplifica- 
tion of 2-Bit Error Correction,’’ Jan 1982, pp 127-136, 
for a discussion of the DP8400’s syndrome input/output 
ports.) The DP8400 also provides the hardware required 
to perform a double complement correct cycle. Error 
flags must be provided to discriminate between 2-bit 
and detectable 3-bit errors; the DP8400 provides three - 
such flags to include this function. 

Vertical columns in the matrix shown in Fig 1 repre- 
sent the single data bit error indicating syndrome. 
words. A double data bit error syndrome word results 
from exclusive ORing (XOR) the two single-bit error 
indicating syndrome words that correspond to the 
bit locations in error. A detectable triple data bit syn- 
drome word is any one of the ten syndrome words, not 
included as part of the matrix, which contains either 
three or five 1s. Syndrome words that represent check 
bit errors contain 1s in the syndrome word bit positions 
corresponding to the check bits in error, and Os in the 
remaining bit positions. An error condition involving 
the data and check bit fields provides a syndrome word 
that represents the data bit(s) in error, XORed with a 
syndrome word representing the check bit(s) in error. 


Error management unit 

The EMU is memory intensive and uses memory in the 
form of an associative stack. Three fields constitute 
each of the 16 words in the stack: the 8-bit address field, 
which is the associative portion of the word; the 2-bit 
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1 
§67890 
error locations 


LSB 


syndrome 
words 


MSB 


Fig 1 DpPss00 syndrome word generator. Presenting errors to 
unique matrix produces syndrome words. 


tag field; and the 6-bit syndrome field (Fig 2). The pointer 


addresses the stack. The EMU also contains a syndrome 
comparator, a temporary syndrome register, and a tag 
bit attribute register and comparator. The EMU 
monitors most ECC flags and provides flags of its own 
both to the Ecc device and to the CPU; monitoring the 
memory address and comparing that address to the 


tag 
address | ore | syndromes | 


Word 


0 7654321010 543210 


Word 15 7654321010543210 


Fig 2 Associative stack organization. Of 16-bit address, 
‘eight address bits are most significant bits. Tag bits indicate 


type of error, and syndrome bits contain syndrome word. 


stack’s address field is a major function of the EMU. 
When the ‘‘stack full’’ flag is off, however, the number 
of words in the match area is limited by the location of 
the stack pointer. If a match occurs, ie, if the current 
memory address is an address at which an error occurred 
previously, the information obtained from the previous 
error can be used to correct more than one error bit. 
Each EMU function will be defined in a subsequent sec- 
tion of this article. 


Single-bit error: first occurrence 

Absence of a match, accompanied by single-bit error 
indicating flags, defines the first occurrence of such an 
error in the current 
address. The error may 
be in the data bit or check 
bit field of memory. Er- 
ror address, tag bits (Fig 
3), and single-bit error 
indicating syndrome 
word are stored in the 
EMU stack. Tag bits are 
assigned a value of 00, 
indicating a soft single-bit 
error. The stack pointer is 
then incremented and the 
Ecc device -corrects 


Tag Bits Information Status 


soft single-bit error 


firm single-bit error 
hard single-bit error 
hard double-bit error 





Fig 3 Tag bit field of stack 
indicates error type for more 
efficient processing by error 
management system. Tag bit 
field could be extended in 
other systems to provide more 
error information. 


the single-bit error in the usual way. Stored syndromes 
contain an odd number of 1s. In Fig 4, data bit 5 fails at 
memory address 52 HEX, check bit 3 fails at address 45 
HEX, and data bit 9 fails at address C7 HEX. Since the 
errors have not occurred previously at these addresses, 
they are given a tag bit value of 00. Logging errors 
should not impact the speed or function of the ECC 
system in performing single-bit error correction. 


Double-bit error: first occurrence 

When a double-bit error occurs at an address with no 
error history, the EMU exercises the only available 
option, a double complement correct cycle. As the ECC 
device enters the complement write mode, the syndrome 
word that represents the double-bit error condition is 
stored in the temporary syndrome register. Then the 
ECC system performs a double complement correct cycle 
to generate a second set of error flags. If two soft errors 
caused the initial indication of a 2-bit error, the second 
set of error flags will also indicate two errors and repre- 
sent a noncorrectable condition. Any double-bit error 
situation other than that of two soft errors will produce 
error flags that indicate a correctable condition at the 
conclusion of the double complement correct cycle. 


One hard and one soft 

Error flags produced after the second complement of 
the double complement correct cycle indicate a single 
error if the initial error condition was one hard and one 
soft. At that point, the hard error will have been ‘‘cor- 
rected’’ and the remaining soft error indicated. The ECC 
device will generate a new single-bit error indicating syn- 
drome word, which the EMU will xoR with the previ- 
ously stored double-bit error indicating syndrome word. 
The result, which is the single-bit hard error indicating 
syndrome word, is stored in the stack. 

To identify the bit as a single hard error, the tag bit 
field is set to a value of 10. After the error information 
is stored, the stack pointer is incremented. The ECC 
device corrects the single error in the usual manner. The 
remaining soft error may be either a check bit error or a 
data bit error. Fig 5 illustrates a soft error in data bit 
location 2 and a hard error in data bit location 11. A 
double complement cycle corrects the error in location 
11. Representing the soft error, a new syndrome word is 
then xoRed with the original syndrome word to produce 


syndromes | 

1 data bit 5 
0] check bit 3 
0 data bit 9 
x 


Word 15 XXXXXXXXXXKX XXKXXKXX 


Fig 4 Logging errors on EMU stack. Single-bit errors 
occurring at addresses with no previous error history receive 
tag bit value of 00. 
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1st error 0010000000010000 111010 2 and 11 

D-—>D 1101111111101111 000101 complement 
2ndread 1101111111111111 000101 11 corrected 
D—>D 0010000000000000 111010 complement 


(ieee 2 101001 new syndromes 


010011 2+11xoR2 = 11 
(a) 


ta 
error address hea syndromes | 


data bit 2 
check bit 4 


Fig 5 After correcting hard error in bit position 11 (a), 
system stores hard error syndrome on associative stack (b) 
and sets tag bit field to indicate single-bit hard error. 


tag 
error address Le | 
fe) 
fe) 
ce) 
1 
1 
1 
X 


a 


KXAOR PPOs 


data bit 5 
check bit 3 
data bit 9 
data bit 2 
check bit 4 


ts 
0 
0 
(¢) 
c¢) 
ce] 
1 2 hard 


x-O-00-8 
KO-000=-5 
xoo00o-008 


xXxO000003 
xOO=-02 


XXXXXXXX XX XXXXXX 


Fig 6 Contents of EMU’s stack containing initial occurrence 
of each error type. 


the syndrome word that represents the hard error. These 
hard error syndromes are stored as shown in Fig-6, 
which also shows the storage of a hard check bit error at 
address 6D HEX. 


Two hard 

An ECC “‘no-error’’ flag, following a double comple- 
ment correct cycle, indicates an initial error condition of 
two hard errors. Data following the second complement 
are correct; since no error exists, a syndrome word of all 
zeros is generated. The EMU will store the error address, 
the tag bits, and the contents of the temporary register. 
Tag bits will be given a value of 11, indicating a double- 
bit hard error. The stored syndrome word is then XORed 
with the contents of the temporary syndrome register 
and the new syndrome word from the ECC device (as 
with a one soft/one hard error condition), and the stack 
pointer is incremented. In this example, the information 
obtained from a double-bit hard error at address 84 
HEX, including a syndrome word of 101000, is stored. A 
2-bit error indicating syndrome word provides no infor- 
mation regarding the location of the errors. Errors in 
data bit locations 13 and 15, for example, produce the 
stored syndrome word as would errors in check bit loca- 
tions 3 and 5, Fig 6 illustrates the contents of the 
associative stack portion of the EMU following the first 
occurrence of each type of error discussed. Word 5 in 
the stack represents the double-bit hard error. 








Logging the errors 

As errors occur at new addresses, error data are stored 
in the stack and the stack pointer is incremented. When 
information is entered in stack word 15 a ‘‘stack full’’ 
flag is set. The stack full flag directs the pointer to the 
lowest word address location in the stack containing the 
value 00 in the tag bit field. After storing data, the stack 
pointer goes to the next highest word address location 
that contains a 00 in the tag bit field. The stack contains 
the most recent error addresses at which single-bit soft 
errors occurred and all addresses at which firm or hard 
errors occurred. When no tag bit field contains 00, the 
“‘overflow’’ flag is provided and no additional stack 
storage occurs. However, logged error information is 
available to the system. One of the DP8400 modes, for 
example, allows data to be provided to the syndrome 
input/output ports and output through the data input/ 
output ports, a capability that allows the error informa- 
tion to be dumped to the system disk for an additional 
level of storage. In another mode, the DP8400 can inter- 
nally transfer data from the data input to the syndrome 
output, allowing the stack to be loaded from the system 
disk via the data bus. 

Error locations are stored in real time by the logging 
procedure. Error resolution is defined by the correspon- 
dence of the memory address bits to the EMU address 
inputs. The EMU described here has eight address inputs 
that allow chip level error resolution in a 1M-byte memory 
system when 64k-bit dynamic random access memories 
are used. Since the EMU does not monitor the least signi- 
ficant eight memory address lines, error information— 
specifically the address and syndromes as stored in the 
EMU—represents a memory chip location. If a ‘“‘read 
error’? match occurs, only the tag bits and/or the stored 
syndrome word may be updated. Therefore, each unique 
error address can exist in a single stack location. Each 
stored word location defines one defective bit (chip) loca- 
tion if the syndrome word indicates a single-bit error. In 
some cases, the error information will represent two hard 
errors, which normally cannot be located. 


Relocating the errors 

In response to new error information, it may be 
desirable to change the error locations as defined by the 
syndrome words stored in the EMU. If a single-bit error 
is accompanied by an address match and tag bits repre- 
senting a stored single-bit soft error, but if the syndrome 
comparison indicates that a different bit is in error, the 
syndrome field of the 
matching stack word 
should be changed to 
the new syndrome 
word. The ECC will 
correct the single-bit 
error in the normal 
manner, and the most 
recent soft error 
information for that 
memory address will 
be maintained. Previ- 
ous soft error infor- 
mation can be off- 
loaded to a secondary 
storage device prior to 
the update. 


Stored Error Tags Detected Error 


1 bit, firm 
1 bit, hard 
1 bit, soft 
1 bit, soft 
1 bit, firm 
1 bit, hard 


1 soft, 1 hard 
1 soft, 1 hard 
1 soft, 1 hard 
2 soft 
2 hard 
2 hard 





Fig 7 Errors for syndrome 
injection in order of 
probability. Syndrome 
injection in the DPs400 allows 
faster correction than double 
complement method. 
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Maintenance help 

Maintenance tools are a by-product of the EMU system. 
During the ECC procedure, error locations are identified 
and error types determined. EMU generated flags, which 
are provided when the stack contents reach a defined 
level, allow the error information to be offloaded to the 
system disk and the EMU to be cleared and reloaded with 
selected error information from disk. After the error 
information is loaded on disk, the system can be 
powered-down for maintenance. Following system 
power-up, suspect information about error location 
may be written to the EMU. This extended logging 
capability is part of the total error management system. 


Redefinition 

When a single-bit error occurs in a location at which a 
single-bit error has occurred previously, and the stored 
syndrome word is the same as the single-bit error indi- 
cating syndrome word generated by the ECC device, it 
may be necessary to redefine the error type. If the match 
provides tag information indicating a soft error (tag 
field = 00), the tag field will be changed to 01 to indi- 
cate a single-bit firm error. Such a redefinition is valid. 
For instance, a firm error may be an unproved hard 
error or an error-prone memory device sensitive to 
alpha particles, system noise, or both. Such an error can 
be treated as either a soft error or a hard error, or be 
given a definition based on the present error. For the 
purpose of this discussion, a firm error will be treated as 
a hard error. 


With...double complement correct 


cycles, 100% of 2-bit errors can be 
corrected when...one of the errors is 
hard, regardless of...error history. 


Although a soft error can occur in any given location 
within a chip, a second soft error is most likely to occur 
within the same chip. Error-prone chips are identified 
and tagged as firm error locations. In the EMU, both the 
syndromes and the address field are compared, pro- 
viding higher error resolution within a word. In this 
EMU, the tag bit field is updated and the syndrome field 
is rewritten (if the second error is not in the same chip, 
the most recent single-bit error location in that word will 
be stored). The ECC device corrects the single-bit error 
in the normal manner. 


Double-bit error: subsequent occurrence 

When a double-bit error occurs and the EMU obtains a 
match, the contents of the tag bit field dictate the pos- 
sible courses of action (Fig 7). If the tag bits are 11, for 
example, a double complement correct cycle is the only 
option. If the tag bits indicate a single-bit hard error 
location, a double complement correct cycle could be 
implemented. On the other hand, it is reasonable to 


assume that the stored syndrome word represents one of 
the two present error locations; in that case the error can 
be corrected without additional memory cycles. 


One hard—one soft, one hard 

If a match is obtained, tag bits are 10, and a 2-bit error 
has been detected, it is most likely that one error is soft 
and the other hard. Syndrome injection will obtain the 
fastest correction. The syndrome word in the stack, 
which usually represents the hard error location, is 
presented to the DP8400. There it is XORed with the inter- 
nally generated syndrome word to provide the resulting 
soft error syndrome word, which is then presented to 
the syndrome decoder. After the Ecc device corrects the 
soft error, it generates new check bits and zero syn- 
dromes. XORing the new syndromes with the still- 
injected hard error syndrome word, the unit decodes the 
hard error location and corrects the second error. This 
procedure allows correction of 2-bit errors without 
additional memory cycles, once the location of the hard 
error has been determined. Although a firm error is 
treated as a hard error, it must be given special consid- 
eration during system maintenance. 


One soft—one soft, one hard 

If a 2-bit error is detected and a match obtained with a 
tag of 01, the highest probability is that one error is soft 
and one is hard. The syndrome word from the stack is 
injected into the DP8400, where it is xoRed with the inter- 
nally generated syndrome word, providing the result to 
the syndrome decoder. Correcting the soft error, the 
ECC device generates new check bits and syndromes, 
XORs the new syndromes with the still-injected hard 
error syndrome word provided by the EMU, decodes the 
known error location, and corrects it. When the loca- 
tion of one error has been determined, this procedure 
allows high speed correction of 2-bit errors without 
additional memory cycles. 


One soft—two soft 

If a match is obtained, tag bits are 01, and a 2-bit error 
is detected, both errors are probably soft and can be 
corrected by syndrome injection. The syndrome word in 
the stack (which often represents one of the soft error 
locations) is presented to the DPs400, where it is XORed 
with the syndrome word, generated internally to provide 
the unknown soft error syndrome word to the syndrome 
decoder. Correcting the soft error, the ECC device 
generates new check bits and zero syndromes. XORing 
the new syndromes with the still-injected ‘‘known’”’ soft 
error indicating syndrome word, it decodes the error 
location and corrects the second error. Thus, two soft 
errors can be corrected if the location of one is known. 


One firm or hard—two hard 

If two hard errors occur at an address where a single-bit 
hard error has been recorded previously, syndrome 
injection will usually accomplish the correction. The 
syndrome word in the stack, which most likely repre- 
sents one of the hard error locations, is presented to the 
DPs400 where it is XORed with the internally generated 
syndrome word, providing the result to the syndrome 
decoder. The ECC device corrects the first error and 
generates new check bits and zero syndromes. XORing 
the new syndromes with the still-injected ‘‘known’’ 
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error indicating syndrome word, the unit corrects the 
second error. This procedure allows high speed correc- 
tion of two hard errors when the location of one is 
known. 


Double complement 

The double complement error correction cycle is effec- 
tive for locating hard errors in an error management 
system. This technique is effective when speed of error 
correction is of less concern than system integrity. Use 
of the double com- 
plement correct 
cycle following the 
detection of every 
error enhances 
error determina- 
tion and _ correc- 
tion. Immediate 
determination of 
single-bit hard 
errors improves the 
possibility that 
———  ——_—_——— dub le-bit errors 
in the same defined address can be corrected. The next 
level of error detection and cofrection efficiency, using 
the double complement correct cycle for each detected 
error, includes those error types noted in Fig 8. 


Stored Error Tags Detected Error 


1 bit, soft 00 
1 bit, firm 01 
1 bit, hard 10 


2 hard 
2 soft 
2 soft 


Fig 8 Errors for double 
complement correction. When 
speed is of less priority, 
double complement method 
allows more precise error 
detection, logging, and 
correction. 


One soft—two hard 

A no-error indication from the ECC device following the 
double complement correct cycle will complete the defi- 
nition of the error type—defined as a 2-bit error by the 
syndrome word stored in the temporary syndrome regis- 


ter—as a 2-bit hard error. If a match occurs but the tag 
bit field indicates a single-bit soft error, the tag bit field 
can be changed to 11, indicating two hard errors, and 
the syndrome field replaced with the contents of the 
temporary syndrome register. Error information can be 
offloaded to a secondary storage device before this 
update. 


One firm or hard—two soft 

If the ECC device generates error flags indicating a 
double-bit error at the conclusion of the double comple- 
ment correct cycle, the 2-bit error that instigated the 
cycle remains and contains two soft errors. Since the only 
recorded error at the current memory location is hard, 
the errors are not recoverable and system operation ter- 
minates. In some systems, a firm error may be defined 
as a soft error, and data may be recovered. When off- 
loading of soft errors is practiced, the disk or other 
storage mechanism can be interrogated for prior mem- 
ory errors at the current address. These soft errors can 
be corrected if proper information is available. 


Two hard—double error 

When a match occurs and the tag bits indicate that an 
earlier 2-bit error has been recorded for the present 
memory address, ECC device’s error flags identify the 
error type after the double complement correct cycle. If 
the present error is soft, system operation must be ter- 
minated—assuming that no additional relevant infor- 
mation regarding errors at this address is available from 
other sources. If the second set of error flags indicates 
that the present error is a 2-bit hard error, the errors can 
be corrected. Comparing the syndrome words in the 
temporary syndrome register and the stack will provide 
additional information. If the syndrome words do not 
match, three or four hard errors exist and system opera- 
tion must be terminated. 


Locating two hard errors 

When the presence of two hard errors has been deter- 
mined, a subsequent access at the same address will 
most likely indicate a single-bit error. If the single-bit 
error is in one of the two locations that had defined the 
previous 2-bit hard error, adequate information is 
available to locate the other error. The temporary syn- 
drome register will store the single-bit error indicating 
syndrome word. Data are corrected by the double com- 
plement correct cycle, and the syndrome word in the 
stack can be replaced by the contents of the temporary 
syndrome register. The double-bit hard error indicating 
syndrome word can be offloaded and the word replaced. 
The new word will then be offloaded and xORed with 
the first syndrome word, keeping the result in the sec- 
ondary storage element. Secondary storage is available 
for interrogation if additional errors occur in the same 
address. In more sophisticated error management sys- 
tems, additional tag bits are made available in the EMU 
stack. One of these tag bits can be used to indicate that 
additional error information exists in secondary storage 
for that error address. 


Summary 

The simplified error management system presented here 
allows correction of double-bit errors if one of the 
errors has previously occurred. With the use of double 
complement correct cycles, 100% of 2-bit error correc- 
tion is provided when at least one of the errors is hard, 
regardless of previous error history. Enhanced error 
logging is provided with error type determination capa- 
bility. Maintenance aids are provided through the 
DpPs400’s bidirectional data transfer capability between 
the syndrome input/output and data input/output ports. 
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DP8400/8419 Error 
Correcting Dynamic RAM 
Memory System for the 
Series 32000® 


INTRODUCTION 


Three PAL’s® (Programmable Array Logic devices) were 
used in this application in order to interface between the 
NS32016, DP8419 and the DP8400 to produce an error cor- 
recting memory system for the Series 32000 microproces- 
sor family. The PAL Interface Controller (hereafter referred 
to as P.I.C.) takes care of all interfacing logic, no extra con- 
trol logic is needed. 


FEATURES 
= The P.I.C. controls the following types of cycles: 


A) READ cycles with no errors detected, ALWAYS 
CORRECT MODE (1 WAIT state inserted). 

B) READ cycles with single error detected, the correct 
data will be written back to memory and given to the 
CPU. One WAIT state is inserted into the READ cycle 
and one WAIT state is inserted into the next access 
cycle (and the access is delayed) if it immediately 
follows the READ cycle. 

C) READ cycles with more then one error detected. In 
this case the processor is interrupted and appropriate 
action can be taken. 

D) WRITE cycles (no WAIT states). 

E) BYTE WRITE cycles, or READ MODIFY WRITE cy- 
cles (3 WAIT states inserted). If more then one error 
is detected in the READ portion of this cycle the 
processor will be interrupted so appropriate action 
can be taken. 

F) DRAM REFRESH cycles (may cause a maximum of 5 
WAIT states to be inserted into an access cycle if the 
access occurs while the refresh is taking place). 

All single bit errors are automatically corrected and re- 

written back to memory. 

All double bit errors are detected and cause a system 

interrupt. 

Can directly drive up to 2M bytes of Dynamic RAM (4 

banks of 22 256k DRAMS, each bank being 16 data bits 

plus 6 check bits). 

The P.I.C. allows full use of the DP8400 and all its 

modes of operation, including: 

A) The DIAGNOSTIC modes (can do a diagnostic test of 
the DP8400 without needing to use external memo- 
ry). 

B) The COMPLEMENT modes (useful for doing the 
DOUBLE COMPLEMENT METHOD to try to correct 
2 errors). 

The P.I.C. interfaces between the DP8409A or DP8419 

Dynamic RAM controller, the DP8400 Expandable Error 

Checker and Corrector, the NS32016 processor, the 

NS32201 Timing Control Unit, and the NS32082 Memory 

Management Unit (if used in the system). 

Provides outputs to interrupt the CPU and to insert WAIT 

states if needed. 


National Semiconductor 
Application Note 387 
Webster (Rusty) Meier 


This interface uses PAL’s whose equations and timing 
are given, allowing the user to customize the interface to 
his own requirements (even a different processor family) 
if he so desires. 


Can work at 10 MHz (using the new DP8419, DP8400-2, 
and common 120 ns 64k DRAMs). Operation at higher 
frequencies is possible. 


DESCRIPTION 


The P.I.C. consists of 3 PAL’s and one 74LS164 parallel 
output serial shift register (see P.1.C. logic diagram). If great- 
er speed is needed for the shift register (CPU clock speed is 
over 6 MHz) one could use some similar type of shift regis- 
ter in a faster type of logic (““AS, ALS, F’”), or could make 
one out of D flip-flops (74AS174). 


If one is using a CPU other then the Series 32000 and does 
not have a fast clock (FCLK, twice system clock frequency) 
he could substitute a 5 or 10 tap delay line for the shift 
register. 


The P.I.C. uses a shift register as an aid in determining the 
state of the CPU and where it is in an access cycle. When 
either of the two outputs, “RASIN” or “RFSH”, go true the 
shift register is enabled and begins producing a series of 
delays. These delays, along with specific signals from the 
CPU, are used in the interface to determine the state of the 
CPU and create the appropriate control signals for the 
DP8400, the DP8409A/DP8419, and the processor. Other 
CPUs should be able to customize this interface to their 
requirements by adjusting the appropriate equations. 


The logic in the upper right hand corner of the P.I.C. logic 
diagram may not be needed (74LS374’s, 74LS244, 
74LS240’s LED’s and several SSI! gates). The logic allows 
the latching of the DRAM bank (BA17, BA18), the syndrome 
(SO-S7), and the error flags (AE, E0, E1) during an error 
condition. The latched data will be displayed on the LED’s 
(until the |1/O RESET signal is applied) and can be read from 
the data bus by the CPU. The address in error could also be 
latched by this same logic, if desired. 


The 2 input AND gate (U5) in the upper left of the P.1.C. logic 
diagram holds CS low until after RASIN goes high on the 
DP8409A/19. This is particularly useful for READ cycles 
with one ERROR where RASIN is extended beyond the end 
of the current cycle, perhaps into another access cycle. 


In this application double bit errors, in the dynamic RAM, 
generate an interrupt to the CPU. All single bit errors are 
automatically corrected and rewritten back to memory. 


During a SYSTEM RESET the internal flip-flops of PAL #1 
are set to a refresh state by making the RESET input look 
like a refresh request (External logic was used to “NOR” 
the DP8409A/19 RFI/O input with a system RESET input to 
produce the PAL #1 RFI/O input). 

The P.I.C. performs HIDDEN REFRESHES (CPU not ac- 
cessing the Dynamic RAM controlled by the DP8409A, indi- 
cated by ‘“/CS” being high) assuming a 4 “T” state proces- 
sor access cycle. 
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The P.I.C. allows the full use of the DP8400 and all its 
modes of operation. For example, the DP8400 has excellent 
diagnostic capabilities included in modes “2” and "6". 
These modes allow one to perform a complete diagnostic 
test of the DP8400 without using the external memory. This 
is possible using an I/O port to control “M1 and MO” of the 
DP8400, along with the diagnostic control signals “DIAGCS 
and DIAGD”’ as follows: 


1) The user can set the I/O signals “M1” and “DIAGCS” 
both high and perform a mode 2 DIAGNOSTIC WRITE to 
the DP8400 with user generated CHECK bits on the high 
byte of the data bus. The CHECK bits will be latched into 
the DP8400 (CSLE held low) until the user sets the 1/0 
signal “‘DIAGCS” low. 


2) The user can then set the I/O signals “M1” low and 
“DIAGD” high and perform a mode 0 WRITE, latching 
the user generated data in the DP8400 input latches 
(DLE held low). 


3) Next, the user can perform a normal mode 4 READ. This 
will in effect be a diagnostic READ of the user generated 
data and check bits without using the external memory. In 
this way the DP8400 can be completely checked out dur- 
ing system initialization. 

4) The syndromes, check bits, and error flags can also be 
read, provided ODLE, OBO, and OB7 are low, using mode 
6A or by reading the latches. 


5) When the diagnostics are completed the user can re- 
turn the DP8400 to normal functioning by resetting the 
I/O port outputs to the original DP8400 operating mode 
values (M0, M1, DIAGCS, DIAGD” all fow, and 
“170 RESET” high). 


Using the !/O port signal MO” the.user could perform the 
DOUBLE COMPLEMENT METHOD to try to correct a DOU- 
BLE bit error in the DRAM (see DP8400 data sheet for fur- 
ther information on the DOUBLE COMPLEMENT METH- 
OD). 
Another |/O port output, “I/O RESET”, allows the outputs 
“DOUBLERROR” and “ERROR” in PAL #3 to be reset. 
The signal ‘‘ERRLAT” is used in this interface to latch the 
SYNDROME, DRAM bank, and ERROR flags during a CPU 
READ access with a single, double, or triple bit error. The 
CPU can READ these latched error signals by performing a 
memory READ from a specific memory location. (An OFF 
BOARD CHIP SELECT, “CS-OFFB”.) This READ wiil gate 
the latched error condition to the CPU data bus via the 
74LS244 buffer and the signal SYNDROME-DATA (see the 
upper right hand corner of the P.I.C. controller logic dia- 
gram). 
The PAL equations that follow are in the National Semicon- 
ductor PLANT format, which differs from the standard 
PALASM™ format. 
EXAMPLE: PLAN FORMAT 

“RASIN := RFSH « 2D « ODLE” 
This translates as, ‘““RASIN” is low after the rising edge of 
the input clock given that ‘““RFSH” was high and “2D” was 
low and “ODLE” was high a setup time before the clock 
transitions high (here RASIN, RFSH, and ODLE are outputs 
of the PAL and 2D is an input). 
EXAMPLE: PALASM FORMAT 

“RASIN := RFSH « 2D + ODLE” 
The above expression means the same as the PLAN format 
expression except it is written in PALASM format. In other 
words “‘RASIN” will go low after the rising edge of the clock 
given that “RFSH” was high, “2D” was low and “ODLE” 
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was high a setup time before the clock transitions high (here 
RASIN, RFSH, and ODLE are outputs and 2D is an input). 


Depending on the Specific type of PAL’s and logic used the 
user can calculate the speed requirements for the DRAM at 
the specified processor frequency as follows: 


Here both “‘taac” and “tcac’”’ must be calculated and con- 
sidered in determining what speed DRAM can be used in a 
particular system design. The DRAM chosen must meet 
both the “trac” and “tcac” parameters calculated. 
EXAMPLE SYSTEM, 10 MHz, DP8400-2, DP8419, FAST 
“A” PART PALs 
#1) RASIN low = T1—2 ns (FcLK—PHI1 skew)+ 15 ns 
(“A” PAL clocked output) = 100-2+15 = 113 ns 
maximum 


RASIN to RAS low = 20 ns maximum (DP8419) 
80 ns (DP8419 RASIN-CAS 


#2) 
#3) RASIN to CAS low = 


low maximum) 

74F244 transceiver delay = 7 ns maximum 

DP8400-2 data setup time to “CSLE, DLE” = 

maximum 

Minimum ‘“‘CSLE, DLE” delay into ‘‘T3” = Minimum 

“A” PAL delay — minimum FCLK to PHI1 skew = 8 

— 2 = 6ns minimum 

“tpag’? =T1+7T2+ TW #1— #2—- #4-— #5 + #6 
= 100 + 100 + 100 — 113 — 20-7-—10+6 
= 156 ns 

“tcac’ = 71+ 72+ TW #1-— #3 —-— #4— #5 + #6 
= 100 + 100 + 100 - 118 - 80-7 -—10+6 
= 96 ns 

Therefore the DRAM chosen should have a “trac” less 


than or equal to 156 ns and a “‘tcac”’ less than or equal to 
96 ns. Standard 150 ns DRAMs meet this criteria. 


Approximately 150 ns minimum RAS precharge time. 
Approximately 200 ns minimum CAS precharge time. 
Approximately 230 ns minimum RAS pulse width. 
Approximately 180 ns minimum CAS pulse width. 


One must also consider the WRITE command to RAS and 
CAS lead times when choosing DRAMs for this system. Dur- 
ing a READ access cycle, with a single bit error, a READ- 
MODIFY-WRITE access is performed. Here, the WRITE 
command to RAS and CAS lead times are one half period in 
length. This may present a problem to systems operating at 
frequencies of 10 MHz or greater. One can alleviate this 
problem by inserting an extra WAIT state into READ access 
cycles (see Use of P.I.C. at higher operating frequencies, 
#3) or by using external drivers from the PAL “WE” output 
to the DRAM “WE” input (thereby speeding up the WIN to 
WE delay and guaranteeing a greater WE to RAS and CAS 
lead time). 


USE OF THE P.1.C. AT HIGHER FREQUENCIES 


1) If one is using this interface above 4-6 MHz he should 
consider using the fast PAL’s* (example “PAL16R8A” in- 
stead of “PAL16R8”), a fast shift register (example 
74F 164), external fast logic (such as ‘AS, ALS, or F” type 
74XX series) or the faster “B” type PALs to produce outputs 
“DOUTB, OBO, OB1” to the DP8400, and the new 
DP8400-2 error correction chip. The fast PAL’s* have an 
input to output maximum time of 25 ns, and 15 ns if itis a 
registered output. The slow PAL’s* have an input to output 
maximum time of 35 ns, and 25 ns if it is a registered output. 


#4) 


#5) 10 ns 


#6) 
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One needs to produce “DOUTB, OBO, OB1” faster at high- 
er CPU speeds to guarantee that the CPU reads valid data 
during a READ access cycle. To do this he could use exter- 
nal fast logic as shown in the following figure. 

Using the above example we can calculate (assuming a 10 
MHz 32000 series processor) the time required to have valid 
data at the CPU data input pins. 





CSLE 
TL/F/8400~-1 


@OBt would have the same configuration as OBO 

13 ns (maximum time of CSLE into state T3 assuming fast 
“A” PAL) +9 ns (maximum 74ALS00 propagation delay) + 
9 ns (max 74ALSO0 prop delay) +36 ns (maximum 


‘DP8400-2 “OBO, OB1” to output valid delay) + 7 ns (maxi- 


mum 74F245 propagation delay) + 20 ns (data setup time 
required for the series 32000 with respect to the CTTL- 
clock) = 94 ns ***This value must not exceed 100 ns fora 
10 MHz processor. 

The delay of “‘DOUTB” is to allow the DP8400 data, check 
bit and syndrome latches “DLE, and CSLE”’ to latch the 
data and check bits before turning off the DRAM output 
buffers. 

The delay of “OBO and OB1” allow the DRAM output buff- 
ers to turn off before the DP8400 starts driving the DP8400 
memory data bus. In general the DRAM output buffers 
should turn off much faster then the DP8400 output buffers 
can turn on, so the user may want to allow “OBO, OB1” to 
become valid at the same time as “DOUTB” transitions 
high. 

2) In order to allow the use of slower DRAMs at higher CPU 
speeds one may want to slow down access cycles by add- 
ing an extra WAIT state. 


To do this one could replace the 74LS164 IC with the fol- 
lowing circuit: 


TAFI64 


TL/F/8400-2 


Here “CTTL” was used instead of ‘FCLK” with a 74F164. 


The “RFSH” PAL equation must be adjusted to keep 
“RFSH” 5 clock periods long, as follows: 


RFSH: = RFIO«INCY+2D 


2-90 


If WAIT states are also wanted in WRITE access cycles the 
“CWAIT” equations must include the following term: 


+RFSH + INCY + TSO « DDIN + 2D 


If one wants to keep WRITE cycles without WAIT states 
inserted then the “RASIN” equations must be modified for 


HIDDEN REFRESH and WRITE cycles as follows: 
-+RFSH « RASIN « INCY « 2D 


3) Another possibility for this interface at higher frequencies 
would be to adjust READ access cycles by adding another 
WAIT state to them, as well as adjusting BYTE WRITE 
cycles. 


Using this method one would need another stage for the 
shift register or use a 74F164 and use CTTL as its clock 
instead of FCLK. If one looks at the above figure, using the 
74F 164, for reference the extra stage “10D” would be used. 
This would allow one to make the READ access cycle one 
“T” state longer by adjusting the READ and READ with er- 
ror “RASIN” equations. 


To make the READ access cycle one “T” state longer an- 
other WAIT state would have to be added to READ cycles 
(making a total of 2 WAIT states) and the latch signals 
“ODLE” and “CSLE” must be adjusted by delaying them 
back 1% “T” state (allowing a 1% cycle longer access time). 
This also has the advantage of allowing the other 1% cycle 
of time to get the data valid at the inputs of the Series 32000 
CPU. 


The BYTE WRITE access cycle could also be adjusted by 
delaying the signals “ODLE” and ‘‘CSLE” by 1% cycle. No 
other equations need to be touched. This would allow an 
extra 4 cycle for access time during BYTE WRITE access 
cycles. 

This would allow a standard 150 ns to possibly 200 ns 
DRAM in a 10 MHz system [80.5 ns + 14 “T” state (50 ns) 
= 130.5 ns column access time (tcac)] but would sacrifice 
by having 2 WAIT states in READ access cycles. 


4) One also must be careful to make sure that CS is low, 
during an access, a minimum of 30 ns (DP8409A, 15 ns 
DP8419) before RASIN transitions low. If this is a problem 
one could tie CS permanently low (disabling hidden RE- 
FRESH) and use the system transceivers to select the 
memory system. 


OTHER OPTIONS 


If one is using the NS32082 Memory Management unit in a 
Series 32000 system he should connect the output “PAV” 
(Physical Address Valid) to the P.I.C. instead of the address 
strobe output “ADS”. 


An output for the BUS PARITY ERROR in a data transfer 
from the CPU to memory could also be detected, from the 
error flags and ‘‘AE” of the DP8400, and used to interrupt 
the CPU. However, the P.I.C. does not make use of that 
feature of the DP8400, though it would be very easy to add. 


If one does not want to WRITE corrected data to memory in 
case of a DOUBLE BIT error, in READ access cycle, he 
could disable the WRITE signal, “WIN”, during a DOUBLE 
BIT error as follows: 


WIN 


IN 


TL/F/8400-3 





NS32016, DP8400, DP8409A 
PALs Inputs and Outputs 
PIN NUMBER OF THE PAL ON THE LEFT 
PAL #1 Inputs 


1) 
2) 
3) 
4) 


5) 


6) 


8) 


9) 


11) 
12) 


18) 


19) 


“ECLK” 
“CTTL” 
“ss” 
“DDIN” 


“RFIO” 


“INCY” 


“KOBE” 


“OD” 


“OE” 
“4D” 


“6D” 


“8D” 


PAL #1 Outputs 


17) 
16) 


15) 


14) 


“RASIN” 
“RFSH” 


“WIN” 


“CYCLED” 


PAL #2 Inputs 


1) 


“RFSH” 


“RASIN” 
“AQ” 
“HBE” 


“DDIN” 
“ADS” 
“TSO” 
“OD” 
“SS” 


Fast Clock (twice “CTTL” frequen- 
cy) from NS32201. 

Output clock from NS32201. 

Chip Select for the Dynamic RAM 
controlled by the DP8409A and 
DP8400. 

Data Direction in, from NS32016, 
indicates the direction of the data 
transfer during a bus cycle. 
Refresh request output from the 
DP8409A, also is used as a reset 
input to set PAL to a known state. 
Output from PAL #2 indicating that 
the NS32016 is in an access cycle. 
If address bit O and high byte en- 
able (from NS32016) are both low 
this input is high. Used to deter- 
mine when byte operations are in 
progress. 

“RASIN” or ‘RFSH” delayed by 2 
periods of FCLK. This output is 
from the external shift register. 
Output from PAL #9 indicating that 
any error, “AE”, was valid during a 
READ access cycle. 

Enables PAL outputs. 

“2D” delayed by 2 periods of 
RFCK, also an output of the exter- 
nal shift register. 

“4D” delayed by 2 periods of 
RGCK, also an output of the exter- 
nal shift register. 

“6D” delayed by 2 periods of 
RGCK, also an output of the exter- 
nal shift register. 


Input to DP8409A 

Input to DP8409A, causes the 
DP8409A to enter mode 1 to doa 
refresh. 

This output is used as an input to 
the DP8409A. It causes a WRITE 
to the DRAM. 

This output is used in many other 
equasions and functions as a sig- 
nal that the particular access cycle 
is midway to completion. 


Output from PAL #1 that indicates 
whether the DRAMs are being re- 
freshed. 

Output from PAL #1. 

Output from NS32016, address bit 0. 
Output from NS32016, high byte 
enable. 

Data Direction in, from NS32016. 
Address strobe from NS32016. 
Output from NS32016. 

Output from the shift register. 

Chip select for the DRAM. 

Output from PAL #1. 


13) 


“ODLE” 


PAL #2 Outputs 


19) 


15) 


14) 


12) 


“DOUTE” 


‘“INCY” 


PAL #3 Inputs 


1) 
2) 
3) 


4) 


5) 


6) 


19) 


“FOLK” 
“CTTL” 
“DIAGCS” 


“DIAGD” 


“CSRASIN” 


“DDIN” 


PAL #3 Outputs 


18) 
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“ODLE” 


Output Latch Enable to the 
DP8400 (Output from PAL #3). 


This signal enables the high byte of 
the processor, through the CPU 
transceiver, onto the DP8400/ 
Memory data bus. 

Controls DP8400 output buffer for 
byte ‘‘1”. 

Controls DP8400 output buffer for 
byte “0”. 

This signal enables the low byte of 
the processor, through the CPU 
transceiver, onto the DP8400/ 
Memory data bus. 

Controls memory buffers that inter- 
face between the DRAM and the 
DP8400 memory data bus. 

Output indicating that the NS32016 
is in an access cycle. 

Output to NS32016 that causes 
WAIT states to be inserted into the 
NS32016 bus cycles. 


Fast clock from NS32201. 

System clock from the NS32201. 
Enable input from I/O port for diag- 
nostics to enable “CSLE”, check 
bit syndrome latch enable. 

Enable input from I/O port for diag- 
nostics to enable “DLE”’, data latch 
enable. 

Reset input from I/O port to reset 
PAL error latches. 

Output from the PAL #1 logically 
“NOR”ed with the DRAM Chip Se- 
lect signal. This indicates the be- 
ginning of a selected DRAM ac- 
cess cycle. 

Output from DP8400 indicating an 
error. 

This is the “EO” and “E1” error 
flags, of the DP8400, logically 
“NOR” ed together. 

Controls memory buffers that inter- 
face between the DRAM and the 
DP8400/memory data base. 
Enables the PAL outputs. 

If address bit 0 AND high byte en- 
able (from NS32016) are both low 
this input is high. Used to deter- 
mine when byte operations are in 
progress. 

Data Direction in, from NS32016. 


Output that controls both the 
DP8400 Data latch and output 
latches. This output goes directly to 
both the “DLE” and OLE pin of the 
DP8400. 

Output that controls the DP8400 
Check bit Syndrome latch. This 
output goes directly to the “CSLE” 
pin of the DP8400, it is only invert- 
ed so the PAL programmer will pro- 
gram it correctly. 
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NS32016, DP8400, DP8409A PALs Inputs and Outputs (Continued) 


16) “MODECC” Output that is used as an input to 13) “ERROR” This output is used to display the 
the DP8400. This signal controls DRAM bank in error, the syndrome 
whether the DP8400 is in READ or of the error, and the error flags of 
WRITE Mode. the DP8400 when a single, double, 

15) “DOUBLERR” Used to interrupt the system when or triple bit error occurs. The pre- 
a double bit error has been detect- ceding error condition is held in an 
ed during a READ cycle. external error register (74LS374’s). 

14) “ERRLAT” Used in the PAL controller to indi- The contents of the registers are 
cate that an error has occurred dur- displayed on LED’s to help the user 
ing a CS READ cycle or aCS BYTE diagnose where a DRAM problem 
WRITE cycle, as indicated by “AE” may reside in the memory system. 
being valid. This signal can be used 
to latch the DRAM bank in error, 
the SYNDROME of the error, the 
ERROR flags, and the DRAM ad- 
dress (of the data in error) when a 
DRAM error occurs. 


PAL NUMBER 1 


PALIGR4A 

FCLK CITL /CS /DDIN RFIO /INCY /AOHBE 2D /ERRLAT GND 

/OE 4D NC /CYCLED /WIN /RFSH /RASIN 6D 8D VCC 

/RASIN : = RFSH*/INCY+/4D+/CTTL+ERRLAT Start /RASIN 
+RFSH* /RASIN*/INCY*/4D ;WRITE or hidden RFSH 
+ RFSH* /CS*/RASIN« /INCY*/DDIN+ /6D ;READ cycle 
+ RFSH*/CS*/RASIN«/INCY*DDIN+ /AOHBE*WIN sBYTE WRITE cycle 
+ RFSH* /CS* /RASIN* /INCY*DDIN+ /AOHBE+CTTL ;Extend BYTE WRITE 
+RFSH*/CS*/RASIN* /DDIN* /ERRLAT+/8D READ w/error 


/RFSH : = /RFIO+«INCY*RASIN 3;RFSH in idle states or in long 
+ /RFSH«/RFIO $ accesses of other devices or 
+ /RFSH+/8D $ at the beginning of an access 
+ /RFSH+CITL 


RFSH*/CS+/RASIN« /ERRLAT*6D+/CITL«/DDIN sREAD w/error 

+ /WIN*RFSH* /RASIN« /ERRLAT+6D sREAD w/error continue 
+RFSH*«/CS*/RASIN*DDIN*2D+«CTTL*AOHBE ;WRITE 

+ /WIN*RFSH+/CS*/RASIN«DDIN*+2D*AOHBE ;WRITE continue 
+RFSH+/CS+ /RASIN+DDIN*/AOHBE*/CYCLED+/CTTL ;BYTE WRITE 

+ /WIN+RFSH*/CS*/RASIN+DDIN+* /AOHBE*6D sBYTE WRITE continue 


/CYCLED : = 
RFSH* /RASIN«/CS*DDIN+4D+/AOHBE*/CITL :BYTE WRITE 
+ RFSH* /RASIN*/CS*DDIN* /AOHBE*4D+/CYCLED ;BYTE WRITE 
+RFSH*/RASIN«/CS*«/DDIN*2D+/CTTL sREAD, READ w/error 
+ RFSH*/RASIN+/CS*/DDIN*+4D+*/CYCLED sREAD, READ w/error 
+ RFSH*/RASIN«/CS*DDIN*2D+AOHBE sWRITE 
+RFSH* /RASIN«CS+2D+/CITL sHIDDEN REFRESH 
+ RFSH* /CYCLED*/ERRLAT :Finish for READ w/error 
+RFSH+/CYCLED*CITL © 3Finish 
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PAL NUMBER 2 


PAL16L8A 
/RFSH /RASIN AO /HBE /DDIN /ADS /TSO 2D /CS 


Z8€-NV 


GND 


/CYCLED /CWAIT /ODLE /INCY /DOUTB /PBUFO /OBO /OBl /PBUF1 VCC 


IF (VCC) /PBUFl = 
RFSH* /CS+/INCY+/DDIN*2D+ /HBE 


or READ w/error 


+ RFSH*/CS+*/INCY+DDIN+A0»* /HBE*DOUTB+ /ODLE*2D WRITE high 


+ RFSH*+/CS+*/INCY+DDIN+2D+/OBO+A0* /HBE 
+ RFSH*/CS*/INCY+DDIN«/A0+/HBE*DOUTB 


(Vcc) /OBL = 
RFSH*/CS+*/INCY+ /DDIN+*«2D+* /CYCLED+DOUTB 


WRITE cont 
WRITE 


or READ w/error 


+ RFSH*/CS+*/INCY+DDIN+*/A0O*HBE*2D+ /ODLE*DOUTB WRITE low 
+ RFSH*/CS+*/INCY+DDIN«*/A0O*«HBE*2D+/0B1+DOUTB WRITE cont 


+ RFSH*/0B1+*DOUTB+2D 


(VCC) /OBO = 
RFSH*/CS* /INCY«* /DDIN+2D+*/CYCLED*DOUTB 


w/ferror hold 


sREAD or READ w/error 


+RFSH*/CS*/INCY*DDIN+A0+/HBE*2D+/ODLE*DOUTB ;BYTE WRITE high 
+ RFSH*/CS*/INCY*DDIN*A0«/HBE*2D+/OBO*DOUTB ;BYTE WRITE cont 


+ RFSH* /OB0«DOUTB+2D 


IF (VCC) /PBUFO = 
RFSH* /CS*/INCY+/DDIN+2D*/AO 


sREAD w/error hold 


sREAD or READ w/error 


+ RFSH*/CS*/INCY*DDIN+/AO*HBE+*DOUTB+/ODLE*2D ;BYTE WRITE low 


+ RFSH*/CS«*/INCY+DDIN*2D*/AO+HBE*/0B1 
+ RFSH*/CS+/INCY*DDIN+/A0*/HBE*DOUTB 


IF (VCC) /DOUTB = 
RFSH*/CS+*/INCY+ /DDIN*2D*CYCLED 
+ RESH* /CS* /INCY*DDIN+/A0O*HBE*2D+*ODLE+0Bl 
+ RFSH*/CS*/INCY+*DDIN+A0*/HBE+*2D+O0DLE*0BO 


IF (vcc) /INCY = RFSH+*/ADS+*/2D+*CYCLED 
+ RFSH+/CS+*/TSO#/2D 


+ RFSH*/INCY*CYCLED 
+ RFSH«/INCY+*/TSO*/CS 


IF (/CS) /CWAIT = 
/RFSH+/TSO 
+ RFSH+/TSO+RASIN 
+ RFSH* /INCY* /TSO* /DDIN* /2D 
+ RFSH* /INCY+ /TSO+*DDIN* /AO*HBE*CYCLED 
+ RFSH* / INCY* /TSO+DDIN*AO« /HBE*CYCLED 
+ RFSH*/TS0+/CYCLED+*/2D+RASIN 





sBYTE WRITE cont 
sword WRITE 


sREAD or READ w/error 
sBYTE WRITE low 
sBYTE WRITE high 


sStart INCY 

;Start INCY for access 
; after forced refresh 
3; or READ w/error 
;Continue 

sContinue for CS access 


sAccess in RFSH 

sAccess after forced RFSH 
sREAD cycle 

sBYTE WRITE 

sBYTE WRITE 

3sWAIT after READ w/error 
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AN-387 


PAL NUMBER 3 


PALI6R6A 
FCLK CITL DIAGCS DIAGD /RESET CSRASIN AE E01 /DOUTB GND 
JOE /AOHBE /ERROR /ERRLAT /DOUBLERR /MODECC /CSLE /ODLE /DDIN VCC 


/ODLE : = CSRASIN+/DDIN+/DOUTB*/CITL sRead 
+ CSRASIN« /DDIN«/MODECC*CSLE+0DLE sRead with error 
+CSRASIN«DDIN« /AOHBE* /DOUTB+/CTTL ;sByte Write 
+ /ODLE*CSRASIN«DDIN« /AOHBE*CTIL sContinue during Byte Write 
+ CSRASIN*DDIN* /AOHBE* /MODECC*CSLE*ODLE ;Byte Write 
+ CSRASIN*DDIN*AOHBE*/CTTL ;sWord Write 
+ /ODLE+*CSRASIN+CTTL sHold "/ODLE" 
+ /ODLE*DIAGD sHold "/ODLE" for 


3; diagnostics 


/CSLE : = CSRASIN+«/DDIN+/DOUIB+/CITL sRead 
+ CSRASIN« /DDIN«/MODECC ;sRead with error 
+ CSRASIN«DDIN« /AOHBE*/DOUTB+/CITL Byte Write 
+ CSRASIN*+DDIN« /AOHBE* /MODECC sByte Write 
+ CSRASIN«DDIN*AOHBE*/CTITL 3sWord WRITE 
+ /CSLE*CSRASIN«CTTL sHold "/CSLE" 
+ /CSLE*DIAGCS sHold "/CSLE" for 


3; diagnostics 


/MODECC := | 
CSRASIN« /ODLE*/DDIN+/CTTL ;READ or Write w/error 
+CSRASIN+/ODLE+DDIN+/AOHBE*/CTTL ;BYTE WRITE 
+ CSRASIN+DDIN+AOHBE ;WORD WRITE 
+ /MODECC+CSRASIN sHold "/MODECC* 


/DOUBLERR 3;= 
/DIAGCS* /DIAGD+RESET*CSRASIN*/ODLE*/CTITL*AE*E01] ;Double bit error 
; during READS 
; or BYTE WRITEs 


+ /DOUBLERR+RESET sHold "/DOUBLERR" 
/ERRLAIT 3= 
/DIAGCS+*/DIAGD*«CSRASIN« /ODLE*/CITL*AE sAny Error during 
3; READ or BYTE WRITE 
+ /ERRLAT+CSRASIN sContinue "/ERRLAT" during 


3; READ or during BYTE WRITE 
/JERROR := /DIAGD*«/DIAGCS*RESET*CSRASIN«/ERRLAT ;Store error syndrome 
; and RAS bank and 
3; error flags 
+ /ERROR+RESET sHold until RESET 


;sThe output, "/CSLE", is shown inverted so the PAL will be 
sprogrammed correctly, in other words, "/CSLE" goes low after the 
srising edge of FCLK given that one of its input equations was 
slow a Setup time before FCLK transitioned high. The output, 
;"/CSLE", should go straight to the pin "CSLE" of the DP8400. 
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HUE 


CONTROL BUS 


DP8400, DP8409A, NS32016 Error Correcting Dynamic RAM Computer System 


STATIC RAM 
NMC2116(2) 


3—PAL 
INTERFACE 
CONTROLLER 


ROM 
NMC2764(2) 
MONITOR 


ERROR CHECKER/ 
CORRECTION 
0P8400-4 
OR OPB400-2 


CONTROL 8419 


CPU & 
CLOCK CHIP 
NS32016 
NS32201 
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LUE == 


DATA BUS 


ORAM 
CONTROLLER 
OP8409A, 
0P8418 OR 
0P8429 


TERMINAL 


SERIAL 1/0 
INS8251 


ADDRESS 





Z8E-NV 


PARALLEL 
PORT 
INS8255 


MEMORY (ORAM) 
(256k DRAMS) 
4 BANKS OF 22 
2M BYTES PLUS 


CHECK BITS 


TL/F/8400~-4 
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NS32016, DP8400, DP8409A or DP8418 Error Correcting Memory System 


DP84300 
PROGRAMMABLE 
DIVIDER 


CcTTl 


ADDRESS/DATA 
BUS ADO-AD15 


A16-A23 


NS32016. 
NS32201 
NS32082* 


RF 1/0 
3 PAL** & SHIFT 
REGISTER (7418164) 
INTERFACE 


AQ 
HBE 
CONTROLLER 


INT py SYSTEM RESET 


DOUBLEAR 


CTTL 
© 
O 
e 


FROM 1/0 PORT 10 DIAGCS, 10 DIAGO. 10 RESET 


*IF system contains NS32082 MMU PAV should be used in place of ADS 


15.6, CLOCK 
SYSTEM CLOCK 


RFCK 
RGCK 
RCO-7,8 


a DP8409A, 


0P8419 OR 
0P8429 - 
RF 1/0 


RFSH (M2) 
iN 


TAAL 


00-7 D8-15 


co-5 
DP8400 


TAALS244 


FROM [/0 PORT Mt M0 


AN-387 


MEMORY UP TO 
4 BANKS OF 22 
256k OR 1M DRAMS 
8M BYTES PLUS 
CHECK BITS 


0116-21 CHECK BITS 


D016-21 CHECK BITS 


TL/F/8400-5 





Z8e-NV 


TL/F/8400-6 


| 
ash BEGEg a BE 
NAN AbHOA AA 


al cll Slélalelal al Ble 


L_ > 00 (8:11) 


(70 CPU INTERRUPT PIN} 


(TO MEMORY DATA OUTPUT BUS) 


LEDs DISPLAY SRAM BANK. SYRDROME 
AND ERROA FLAGS DUIUNG ERRORS. 





——— 


<i 
Hf 


i SYNDROME DATA 


Sa 


————=7 


= He 
f a [Pi 
iin 


oi 





.1.C. 3 PAL and Shift Register Interface Controller 
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AN-387 


WRITE ACCESS CYCLE READ ACCESS CYCLE (WITH NO ERRORS) 


, EEG 
DP8400 MEMORY fee DATA rey iead DATA 
CHECK i a a == 
a ee meee 


ERRLAT 


CYCTED 
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TL/F/8400-7 





WRITE ACCESS CYCLE,EXTENDED FROM 
READ ACCESS CYCLE PREVIOUS READ (WITH ERROR) ACCESS 
(WITH SINGLE BIT ERROR) 





_ 


DP8400 MEMORY ae 
DATA ok 4 e ECC eo eon) DATA 
CHECK = | es rete ( ceNnerateo rena { _cenenaten | 


MODECC 
ERRLAT 


CYCLEO 


WRITE CORRECTED DATA BACK TO MEMORY 
LATCH ERROR CONDITION 
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TL/F/8400-8 


Z8E-NV 





AN-387 


BYTE WRITE ACCESS CYCLE WITH ERROR DURING 
READ PORTION OF THE CYCLE 


DP8400 MEMORY (  eccacruoata & CPU DATA 


DATA 1d 
o> 


CHECK o— <= 


i= oe ae 
= ace 


60 Ee 


‘TBO and PBUFT) 
OR 
(081 and PBUFO) 
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LATCH ERROR CONDITION (PRESENT ONLY IF ERROR) 


TL/F/8400-9 


Z8E-NV 


FORCED REFRESH FOLLOWED BY READ ACCESS WITH ERROR 


| MELLEL de 
DP8400 MEMORY ma CORRECTED 
a ee eee: a= 
GENERATED 


oo ae a 
sonnnee 
SATE hr 





LATCH ERROR WRITE CORRECTED DATA 
TL/F/8400-10 
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AN-387 


FORCED REFRESH WITH WRITE ACCESS AT THE SAME TIME 
(WRITE EXTENDED FROM PREVIOUS READ WITH ERROR) 


0P8400 MEMORY Et (ss waireoata =) DATA 7 


DATA ad er | 
CHECK pits GENERATED) = enna = 


TTP pee 
nA ot 


aes 


See 


FROM PREVIOUS READ ACCESS CYCLE WITH ERROR TL/F/8400-11 
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Section 3 


Microprocessor Interface 
and Applications | 





Section Contents 


Microprocessor to DP8409A/17/18/19/28/29 Interface Selection Guide 
DP84300 Programmable Refresh Timer 

DP84322 Dynamic RAM Controller Interface Circuit for the 68000 CPU 

DP84412 Dynamic RAM Controller Interface Circuit for the Series 32000 CPU 
DP84422 Dynamic RAM Controller Interface Circuit for the 68000/008/010 CPUs 
DP84432 Dynamic RAM Controller Interface Circuit for the 8086/8088/80186/80188 CPUs. 
DP84512 Dynamic RAM Controller Interface Circuit for the NS32332 CPU 
DP84522 Dynamic RAM Controller Interface Circuit for the 68020 CPU 

DP84532 Dynamic RAM Controller Interface Circuit for the iAPX 286 CPU 
AN-309 Interfacing the DP8408A/09A to Various Microprocessors 

AN-436 Dual Porting Using DP84XX Family DRAM Controller/Drivers 





Selection Guide 


One of the great strengths of the DP8400 DRAM Interface Family is its General purpose open-architecture approach. Applica- 
tions and hardware support for all the major 8-, 16-, and 32-bit microprocessors (not just National’s) are provided through the 
DP84XX2 Family. Each of these devices has been tailored to provide a general purpose but efficient interface between the 
DP8409A, 8417, 8418, 8419, 8428, 8429 DRAM controller/drivers and each of the major cpu’s. Each device uses a 20 pin 
standard PAL device such as the PAL16R4A as its building block. Programming equations have been written and hard pro- 
grammed into each device which supply all the contro! signals needed to perform memory read, write, refresh, and arbitration. In 
order to allow for system customization, the programming equations for each device are printed in each data sheet. 


Operating 


Microprocessor to DRAM Controller Interface 
a SELECTION GUIDE 


Microprocessor DRAM Cont./ Max. Prop Delay Vv Typ. Bracess 
Supported Drivers Supported “A” PAL|“B” PAL ee lec 

NS32008/16/32 |DP8409A, 17, 18, 19, 28, 29] 25ns | 15ns | +5V +10%]120 mA 0°~70°C }20J, N, V} 3-24 
NS32332 DP8417, 18, 19, 28, 29 +5V +10%/120 mA 0°-70°C }20J, N, V| 3-64 


68000/08/10 |DP8409A, 17, 18, 19, 28,29} 25ns 15ns |+5V +10%/120 mA} Junction | 0°-70°C |20J,N, V} 3-9 
(<10 MHz) - [Isolated (S) 

68000/08/10 |DP8409A, 17, 18, 19, 28,29) 25ns 15ns |+5V +10%/120 mA sd 0°-70°C |20J, N, V} 3-37 
(210 MHz) Oxide 


Isolated 
68020 DP8417, 18, 19, 28, 29 +5V +10%/120 mA (ALS) 0°-70°C |20J, N, V} 3-65 
8086/88/186/188|DP8409A, 17, 18, 19, 28, 29 | 25ns | 15ns | +5V +10%|120 mA 0°-70°C |20J, N, V} 3-51 
80286 DP8409A, 17, 18, 19, 28, 29 +5V +10%|120 mA 0°~70°C |20J, N, V} 3-81 












Device # 








DP84412 
DP84512 
DP84322 










DP84422 


DP84522 
DP84432 
DP84532 
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DP84300 


National 
Semiconductor 
Corporation 


PRELIMINARY 


DP84300 Programmable Refresh Timer 


General Description 

The DP84300 programmable refresh timer is a logic device 
which produces the desired refresh clock required by all 
dynamic memory systems. 

Additional circuitry has been included in the device to mini- 
mize logic required by memory systems to perform refresh 
control. 


Connection & Block Diagrams 


Dual-In-Line Package 


m Sl 


a 
a] 





oO 
ol 


2 





F TL/F/5001~ 
Top View saad 


Order Number DP84300N 
See NS Package Number N24A 


- PRO 
INPUTS A-H aD couNTER 


Features 

m One chip solution to produce RFCK timing for the 
DP8408A, DP8409A, DP8417, DP8418, DP8419, 
DP8428, DP8429 dynamic RAM controllers 

m Programmable refresh clock timer allows for a maxi- 
mum refresh period with most system clocks 

H Timing is completely synchronous with the input clock, 
preventing race conditions present in some memory 
controllers 

m Includes a refresh request output, simplifying the design 
of refresh logic in discrete controllers 








OUTPUTS 
OA-0H 





FORCED 
REFRESH 
REQUEST 
LOGIC 







RFCK 


TL/F/5001-2 


FIGURE 1 





Recommended Operating Conditions (commercial) 


Specifications for Military/Aerospace products are not Min Typ Max _ Units 


contained in this datasheet. Refer to the associated lo_, Low Level Output Current 16 mA 
reliability electrical test specifications document. Ta, Operating Free Air 

Min Typ Max Units Temperature 0 75 °C 
Voc, Supply Voltage 4.75 500 5.25 Vv 
lon, High Level Output Current -3.2 mA 


Electrical Characteristics over recommended operating temperature range 


Symbol | ___—Parameter_—— | Conditions | Min_| Typ | Max | Units 
Viw__| Hightovelinputvotage | | 

Vi__| LowLevelinputvoitage | 
Vic Voc = Min, l= =18 mA [eee aa 
Vou Voc = Min, Vin = 2ViVi=0.8Vlon=Max | 24 | | 
Vou Voo=MinVin=2V,Vn=O8Vslo.=Mex | | | 05 | 


lozH Off-State Output Current Voc = Max, Vin = 2V, Vo = 2.4V, Vit = 0.8V 100 pA 
High Level Voltage Applied 

lozi Off-State Output Current Voc = Max, Viq = 2V, Vo = 0.4V, Vit = 0.8V pA 
Low Level Voltage Applied 

I; Input Current at Vcc = Max, V; = 5.5V 1.0 mA 
Maximum Input Voltage 


Id | HighLevelinputGurent__| Voo=Maxvi=2av | || 
In| LowLevelinputGurrent_ | Voo=Maxvi=oav ||| 250 |g 
los___| Shor Gircuit Output Current | Voo=Mex_ | 80 | | 130 | ma 
lco___| SupplyCurent_ | Voo= Max | 150 | 180 | ma 


<j< [<< 





DP84300 Switching Characteristics over recommended ranges of temperature and Voc 


= 


tw Width of Clock pts 


Rem oe (eee a! 

es eee 

tu | Setuptime | tc 

tu pea Ta al ne i ee 
fwax | Maximum Frequency | 125 









Commercial 
Ta = 0O°C to + 75°C 
Vcoc = 5.0V +5% 





Conditions Units 






ns 


| 60 | ns 
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DP84300 


Mnemonic Description 


INPUT SIGNALS 


CLOCK Provides a time base for the programmable di- 
vider. 


Program inputs A through H. These inputs se- 
lect the number of clock cycles that will pro- 
duce one refresh period. These inputs are bi- 
nary encoded, with input A the LSB, and H the 
MSB. Additionally, all zeros produce the maxi- 
mum count of 256, and an input of one will 
reset the counter to one. 


This input is used to reset the refresh request 
output (RFRQ). 
Output enable. 
TRI-STATE®. 
CE Counter enable. This input, when low, enables 
the timer clock and, when high, stalls the 
timer. 


OUTPUT SIGNALS 

QA-OH Refresh timer outputs QA through QH. Timer 
starts at programmed input and counts down 
to one. 


Refresh request. This output goes low on the 
rising edge of the refresh clock (RFCK). The 
first input clock edge after the REFRESH input 
is set low clears this output. 


Refresh clock. The period of the clock is de- 
termined by setting conditions on input pins A 
through H. This output is low for 20 clocks, 
and high for the remainder of the period. 


A-H 


REFRESH 





Oo 
m 


Places the outputs in 


RFRQ 


RFCK 


Functional Description 


The DP84300 block diagram is shown in Figure 7. This cir- 
cuit is basically an 8-bit programmable counter. The user 


. selects the number of input clock cycles required per re- 


fresh period and sets the binary equivalent on inputs A 
through H. A signal of that period is produced at the refresh 
clock (RFCK) output. This output stays low for 20 clock cy- 
cles, and goes high for the balance of the period. 






OM74S74 
DP84300 





RFCK 


CLOCK 


TL/F/5001-3 


Period of RFCK = 2x program input 


FIGURE 2a. Expansion of Clock Divisor by 2x 


3-6 


When used with the DP8409A dynamic RAM controller, this 
duty cycle allows the DP8409A the maximum probability to 
perform a hidden refresh, while still allowing ample time for 
the DP8409A to perform a forced refresh when needed. 


An additional output is provided to ease the design of sys- 
tems that don’t use the DP8409A. This output is called re- 
fresh request (RFRQ). Refresh request becomes true at the 
rising edge of refresh clock, and becomes false on the first 
rising edge of the input clock after a refresh. 


In systems where a divisor of more than 256 is needed, an 
expansion input (CE) has been provided. When this input is 
high, all counter-related timing is suspended. This excluded 
actions due to the REFRESH input. The circuits in Figures 
2a and 2b show how to expand the range of the timer by 2x 
or by up to 4096 clock cycles. Figures 3a and 3b show two 
typical applications using the DP84300. 


By using the clock enable input, it is also possible to change 
the duty cycle of the refresh clock. The circuits in Figures 4a 
and 4b show how this may be done. 


To reset the counter to a known state, select an input divi- 
sor of one. On the next clock edge the counter will reset to 
one. On the next clock edge whatever input divisor that is 
present on input A-H will be loaded into the counters. 





TABLE I. Divider Constants for Generation 
of a 15.5 1s Clock 


CPU Clock | Divisor | Actual Period | % Chance of 
Frequency | Input of Output Hidden Refresh 
31 


46 
62 


77 
93 









PROGRAM 1 





PROGRAM 2 


CLOCK 


TL/F/5001-4 
Period of RFCK 2 = program A X program B 
RFCK is low for 20x program 1 clocks 
Maximum period of RFCK is 4096 clocks 


FIGURE 2b. Typical Expansion for the DP84300 


Functional Description (Continuea) 


00€P8dd 


ADDRESS 


MEMORY 
CONTROLLER 


TL/F/5001-5 


FIGURE 3a. Dynamic Memory System Using DP84300 


ADDRESS ' 


0P84300 DP84432 OP8408A MEMORY 


TL/F/5001-6 


FIGURE 3b. 8086 System Using Dynamic RAMs DP8408A, DP84300, and DP84432 


DP84300 0P84300 


TL/F/5001-8 


TL/F/5001-7 
FIGURE 4a. Circuit for Extending RFCK FIGURE 4b. Circuit for Extending RFCK High by 2x 


Low to 40 Clocks 





DP84300 


Timing Diagrams 


Refresh Timer Outputs 


aes 20 CLOCKS -—— N—20 CLOCKS a 


JUUUUU SU U UU LIU $8 


REFRESH RESETS RFRO 


——ySt—~<C=:i‘CS 
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National 
CA Semiconductor 
Corporation 


DP84322 Dynamic RAM Controller Interface Circuit 
for the 68000 CPU 


General Description Features 
The DP84322 dynamic RAM controller interface is a Pro- ™ Provides 3-chip solution for the 68000 CPU and dynam- 
grammable Array Logic (PAL®) device which allows for easy ic RAM interface (DP84300, DP84322, & DP8409A) 
interface between the DP8409A, 17, 18, 19, 28, 29 dynamic Works with all 68000 speed versions 
RAM Controllers and the 68000/008/010 microprocessors. Possibility of operation at 8 MHz with no wait states 
The DP84322 supplies all the control signals needed to per- Performs hidden refresh 
form memory read, write and refresh. Logic is included for DTACK is automatically inserted for both memory ac- 
inserting a wait state when using fast CPUs. cess and memory refresh 
Performs forced refresh using typically 4 CPU clocks 
Standard National Semiconductor PAL part 
(DMPAL16R4) 
PAL logic equations can be modified by the user for his 
specific application and programmed into any of the 
PAL in the National Semiconductor PAL family, includ- 
ing the new high speed PALs. 


Connection and Block Diagrams 


Dual-In-Line Package 


RASIN 
GENERATOR 


i ees 
| J . J {| GENERATOR 


OE 
REFRESH/ 
TL/F/5003~1 ACCESS M2 (RFSH) 
Top View ARBITRATION 


LOGIC 
Order Number DP84322J or DP84322N 


See NS Package Number J20A or N20A 
TL/F/5003-2 
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Recommended Operating Conditions (commercial) 

Specifications for Military/Aerospace products are not Min Typ Max Units 

contained in this datasheet. Refer to the associated Ta, Operating Free Air 

reliability electrical test specifications document. Temperature 0 75 °C 
Min Typ Max Units 

Vcc, Supply Voltage 4.75 5.00 5.25 Vv 

lou; High Level Output Current -3.2 mA 


lo_, Low Level Output Current 24 mA 
(Note 2) 


Electrical Characteristics over recommended operating temperature range 


Symbol Parameter 


Vin__| HighLevelinputVotage | 


Vit Low Level Input Voltage 


Vic Input Clamp Voltage Voc = Min, |; = —18mA 
VOH High Level Output Voltage Voc = Min, Vin = 2V, Vit = 0.8V, lon = Max 
VoL Low Level Output Voltage Voc = Min, Vin = 2V, Vi = 0.8V, Io. = Max Nee fgg | 


loZH Off-State Output Current Voc = Max, Vin = 2V, Vo = 2.4V, Vit = 0.8V 
High Level Voltage Applied 


Off-State Output Current Voc = Max, Vin = 2V, Vo = 0.4V, Vit = 0.8V 
Low Level Voltage Applied 





Input Current at Voc = Max, V; = 5.5V 
Maximum Input Voltage 


High Level Input Current Voc = Max, V; = 2.4V 
Low Level Input Current Voc = Max, V; = 0.4V 
Short Circuit Output Current | Voc = Max 


Supply Current [Voom 


Switching Characteristics over recommended ranges of temperature and Vcc (Note 3) 


Commercial 


Test Conditions Ta = O°C to + 75°C 
Parameter 


R. = 6672 Vec = 5.0V +5% 





Input to Output 

Clock to Output 

Pin 11 to Output Enable 
Pin 11 to Output Disable 
Input to Output Enable 


Width of Clock 


> 
me] 
Cc 
> 
=> 
°o 
Oo 
c 
= 
To 
Cc 
-~ 
=) 
n 
pe) 
Ss 
oO 


Set-Up Time 
Hold Time 


Note 1: loc = max at minimum temperature. 
Note 2: One output at a time; otherwise 16 mA. 
Note 3: If a PAL16R4B PAL is used, the Switching Characteristics will improve correspondingly. 





System Block Diagram 


DP84322 and DP8409A for 68000 CPU 


ADDRESS BUS 


ADDRESS 
OECODEA 


Voc 


Lt. 


OM74LS393 
L\ 


10 MHz MAX 


Mnemonic Description 
INPUT SIGNALS 


CLOCK 


The clock signal determines the timing of the 
outputs and should be connected directly to the 
68000 clock input. 


Address Strobe from the 68000 CPU. This input 
is used to generate RASIN to the DP8409A. 


Upper and lower data strobe from the 68000 
CPU. These inputs, together with AS, R/W, pro- 
vide DTACK to the 68000. 

Read/write from the 68000 CPU, when WAIT = 
0. Selects processor speed when WAIT = 1 
(“1" = 4 to 6 MHz, “0” = 8 MHz). 

Column Address Strobe from the DP8409A. 
This Input, together with LDS and UDS, pro- 
vides two separate CAS outputs for accessing 
upper and lower memory data bytes. 

Chip Select. This input enables DTACK output. 
CS = 0, DTACK output is enabled; CS = 1, 
DTACK output is TRI-STATE®. 

Refresh Request. This input requests the 
DP84322 for a forced refresh. 


This input allows the necessary wait state to be 
inserted for memory access cycles. 


RO-6. 7.8 


C0-6,7.8 


OP8409A 


DATA BUS 


00-6. 7.8 


i 


BD 


0P84244 


BUFFER NECESSARY IF MORE THAN ONE BANK 
*These outputs may need resistors. 


TL/F/5003-3 


OUTPUT SIGNALS 


RASIN 


This output provides a memory cycle start sig- 
nal to the DP8409A and provides RAS timing 
during hidden refresh. 


These signals are the separate CAS outputs 
needed for byte writing. 


This output is used to insert wait states into the 
68000 memory cycles when selected and dur- 
ing a forced refresh cycle where the CPU at- 
tempts to access the memory. This output is 
enabled when CS input is low and at TRI- 
STATE when GS is high. 

This output controls the mode of the DP8409A. 
It always goes low for 4 CPU clock periods 
when AS is inactive and a forced refresh is re- 
quested through RFRQ input. This allows the 


DP8409A to perform an automatic forced re- 


fresh. 
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Functional Description 


MEMORY ACCESS 


As a 68000 bus cycle begins, a valid address is output on 
the address bus A1-A23. This address is decoded to pro- 
vide Chip Select (CS) to the DP8409A. After the address 
becomes valid, AS goes low and it is used to set RASIN low 
from the DP84322 interface circuit. Note that CS must go 
low for a minimum of 10 ns before the assertion of RASIN 
for a proper memory access. As an example, with a 8 MHz 
68000, the address is valid for at least 30 ns before AS goes 
active. AS then has to ripple through the DP84322 to pro- 
duce RASIN. This means the address is valid for a minimum 
of 40 ns before RASIN goes low, and the decoding of CS 
should take less than 30 ns. At this speed the DM74LS138 
or DM74LS139 decoders can be selected to guarantee the 
10 ns minimum required by CS set-up time going low before 
the access RASIN goes low (tcspt of the DP8409A). This is 
important because a false hidden refresh may take place 
when the minimum tcsr- is not met. Typically RASIN oc- 
curs at the end of S2. Subsequently, selected RAS output, 
row to column select and then CAS will automatically follow 
RASIN as determined by mode 5 of the DP8409A. Mode 5 
guarantees a 30 ns minimum for row address hold time 
(tRaH) and a minimum of 8 ns column address set-up time 
(tasc). If the system requires instructions that use byte writ- 
ing, then CASU and CASL are needed for accessing upper 
and lower memory data bytes, and they are provided by the 
DP84322. In the DP84322, LDS and UDS are gated with 
CAS from the DP8409A to provide CASL and CASU, there- 
fore designers need not be concerned about delaying CAS 
during write cycles to assure valid data being written into 
memory. The 8 MHz 68000 specifies during a write cycle 
that data output is valid for a minimum of 30 ns before DS 
goes active. Thus, CASL and CASU will not go low for at 
least 40 ns after the output data becomes stable, guaran- 
teeing the 68000 valid data is written to memory. 


Furthermore, the gating of UDS, LDS and CAS allows the 
DP84322 interface controller to support the test and set in- 
struction (TAS). The 68000 utilizes the read-modify-write cy- 
cle to execute this instruction. The TAS instruction provides 
a method of communication between processors in a multi- 
ple processor system. Because of the nature of this instruc- 
tion, in the 68000, this cycle is indivisible and the Address 
Strobe AS is asserted throughout the entire cycle, however 
DS is asserted twice for two accesses: a read then a write. 
The dynamic RAM controller and the DP84322 respond to 
this read-modity-write instruction as follows (refer to the 
TAS instruction timing diagram for clarification). First, the 
selected RAS goes low as a result of AS going low, and this 
RAS output will remain low throughout the entire cycle. 
Then the DP84322’s selected CAS output (CASL or CASU) 
goes low to read the specified data byte. After this read, DS 
goes high causing the selected CAS to go high. A few 
clocks later R/W goes low and then DS is reasserted. As 
DS goes low, the selected CAS goes low strobing the CPU’s 
modified data into memory, after which the cycle is ended 
when AS goes high. 


The two CAS outputs from the DP84322, however, can only 
drive one memory bank. For additional driving capability, a 
memory driver such as the DP84244 should be added to 
drive loads of up to 500 pF. 

Since this DP84322 interface circuit is designed to operate 
with all of the 68000 speed versions, a status input called 
WAIT is used to distinguish the 8 MHz from the others. The 


WAIT input should be set low for 6 MHz or less allowing full 
speed of operation with no wait states. Data Transfer Ac- 
knowledge input (DTACK) of the 68000 at these speeds is 
automatically inserted during S2 for every memory transac- 
tion cycle and is then negated at the end of that cycle when 
UDS and/or LDS go high. For the 8 MHz 68000 however, a 
wait state is required for every memory transaction cycle. At 
these speeds, the WAIT input is set high, selecting the 
DP8409A’s CAS output to generate DTACK and again 
DTACK is negated at the end of the cycle when UDS or LDS 
goes high. Note that DTACK output is enabled only when 
the DP8409A’s CS is low. Therefore when the 68000 is ac- 
cessing I/O or ROM (in other words, when the DP8409A is 
not selected), the DP84322’s DTACK output goes high im- 
pedance logic ‘1’ through the external pull-up resistor and it 
is now up to the designer to supply DTACK for a proper bus 
cycle. 


The following table indicates the maximum memory speed 
in terms of the DRAM timing parameters: tcac (access-time 
from CAS) and tap (RAS precharge time) required by differ- 
ent 68000 speed versions: 


Microprocessor Maximum Minimum Minimum 


Clock tcac trp tras 

8 MHz 125 ns 140 ns 220 ns 
6 MHz 90 ns 170 ns 290 ns 
4 MHz 270 ns 280 ns 450 ns 


Pin 5 (R/W input to the DP84322) is not used as R/W when 
the WAIT input is high. Therefore, when WAIT is high and 
pin 5 is low, this is configured for the 8 MHz 68000. The 
dynamic RAM controller in this configuration operates in 
mode 5 and mode 1. 


When both WAIT and pin 5 are high, this is configured for 
4 MHz and 6 MHz 68000, allowing only two microprocessor 
clocks for memory refresh. Furthermore, the designer can 
use the DP8408A because the dynamic RAM controller now 
operates in mode 0 and mode 5 or mode 6. In addition, the 
programmable refresh timer, DP84300, should be used to 
determine the refresh rate (RFCK) and to provide the re- 
fresh request (RFRQ) input to the DP84322. The refresh 
timer can provide over two hundred different divisors. RFRQ 
is given at the beginning of every RFCK cycle and remains 
active until M2 goes low for memory refresh. The DP84322 
samples RFRQ when AS is high, then sets M2 low for two 
microprocessor clocks, taking the DP8408A or DP8409A to 
the external control refresh mode. RASIN for this refresh is 
also issued by the DP84322. If a memory access is pending, 
RASIN for this access will not be given until it is delayed for 
approximately one microprocessor clock, allowing RAS pre- 
charge time for the dynamic RAMs. 

The following table indicates different memory speeds in 
terms of the DRAM parameters required by 4 MHz and 
6 MHz 68000: 


Microprocessor Maximum Minimum Minimum Minimum 
Clock tcac tras trp tRAH 
4 MHz 290ns 200ns = 225ns 20 ns 
6 MHz 110ns 125ns 140ns 20 ns 
DP8408A, DP8409A operate in mode 6 and mode 0. 





Functional Description (Continued) 
When WAIT = 1, pin 5 = 0 (8 MHz), the PAL controller 
supports read and write cycles with one inserted wait state, 
forced refresh with five wait states inserted if CS is valid, 
and hidden refresh. This PAL mode does not support the 
TAS instruction. 
When WAIT = pin 5 = 1 (4-6 MHz), the PAL controller 
supports read and write cycles with no wait states inserted, 
and forced refresh with two wait states inserted if CS is 
valid. This PAL mode does not support the TAS instruction 
and only supports hidden refresh when used in mode 5 with 
the DP8409A controller. 
The DP84322 can possibly be operated at 8 MHz with no 
wait states (WAIT = “0”) given the following conditions: 
FAST PAL (PAL16R4A) 
$2 + S3 + S4 + S5 = 250 ns 
RASIN delay = 60 ns (AS low max.) 
+ 25 ns (Fast PAL delay) = 85 ns max. 
RASIN to CAS delay DP8409-2 = 130 ns max. 
External CASH,L generation using 74S02 and 748240 
7.5 ns (74802) + 10 ns (74S240) — 7.5 ns (less load 
on 8409 CAS line) = 10 ns max. 
Transceiver delay (74LS245) = 12 ns max. 
68000 data setup into S6 = 40 ns min. 
.. Minimum tcac = 53 ns 
= 250 — 85 — 130 — 10 — 12 + 40 
Minimum tras = 240 ns 
Minimum tap = 150 ns 
Minimum taay = 20 ns 


REFRESH CYCLE 


Since the access sequence timing is automatically derived 
from RASIN in mode 5, R/C and CASIN are not used and 
now become Refresh Clock (RFCK) and RAS-generator 
clock (RGCK) respectively. The Refresh Clock RFCK may 
be divided down from RGCK, which is the microprocessor 
clock, using the DM74LS393 or DM74LS390. RFCK pro- 
vides the refresh time interval and RGCK the fast clock for 
all-RAS refresh if forced refreshing is necessary. The 
DP8409A offers both hidden refresh in mode 5 and forced 
refresh in mode 1 with priority placed on hidden refreshing. 
Assume 128 rows are to be refreshed, then a 16 ws maxi- 
mum clock period is needed for RFCK to distribute refresh- 
ing of all the rows over the 2 ms period. 

The DP8409A provides hidden refreshing in mode 5 when 
the refresh clock (RFCK) is high and the microprocessor is 
not accessing RAM. In other words, when the DP8409A’s 


chip select is inactive because the microprocessor is ac- 
cessing elsewhere, all four RAS outputs follow RASIN, 
strobing the contents of the on-chip refresh counter to every 
memory bank. RASIN going high terminates the hidden re- 
fresh and also increments the refresh counter, preparing it 
for the next refresh cycle. Once a hidden refresh has taken 
place, a forced refresh will not be requested by the 
DP8409A for the current RFCK cycle. 


However, if the microprocessor continuously accessed the 
DP8409A and memory while RFCK was high, a hidden re- 
fresh could not have taken place and now the system must 
force a refresh. Immediately after RFCK goes low, the Re- 
fresh Request signal (RFRQ) from the DP8409A goes low, 
indicating a forced refresh is necessary. First, when RFRQ 
goes low any time during S2 to S7, the controller interface 
circuit waits until the end of the current memory access cy- 
cle and then sets M2 (RFSH) low. This refresh takes four 
microprocessor clocks to complete. If the current cycle is 
another memory cycle, the 68000 will automatically be put 
in four wait states. Alternately, when RFRQ goes low while 
AS is high during SO to S1, M2 is now set low at S2. There- 
fore, it requires an additional microprocessor clock for this 
refresh. Once the DP8409A is in mode 1 forced refresh, all 
the RAS outputs remain high until two RGCK trailing edges 
after M2 goes low, when all RAS outputs go low. This allows 
a minimum of one and a half clock periods of RGCK for 
RAS precharge time. As specified in the DP8409A data 
sheet, the RAS outputs remain low for two clock periods of 
RGCK. The refresh counter is incremented as the RAS out- 
puts go high. Once the forced refresh has ended, M2 is 
brought high, the DP8409A back to mode 5 auto access. 
Note that RASIN for the pending access is not given until it 
has been delayed for a full microprocessor clock, allowing 
RAS precharge time for the coming access. 


If the 68000 bus is inactive (i.e., the 68000’s instruction 
queue is full, or the 68000 is executing internal operations 
such as a multiply instruction, or the 68000 is in halt 
state ...) and a refresh has been requested, a refresh will 
also take place because RFRQ is continuously sampled 
while AS is high. Therefore, refreshing under these condi- 
tions will be transparent to the microprocessor. Conse- 
quently, the system throughput is increased because the 
DP84322 allows refreshing while the 68000 bus is inactive. 


The 84322 is a standard National Semiconductor PAL part 
(DMPAL16R4). The user can modify the PAL equations to 
support his particular application. The 84322 logic equations 
function table (functional test), and logic diagram can be 
seen at the end of this data sheet. 
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System Timing Diagrams (Continued) 


68000 Memory Read Cycle and Forced Refresh (Wait = 0, Pin 5 = R/W) 
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System Timing Diagrams (continued) 


TAS Instruction Cycle (Wait = 0, Pin 5 = R/W) 
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System Timing Diagrams (continued) 
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Memory Read Cycle (Wait = 1, Pin 5 = 0) 
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System Timing Diagrams (Continued 
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Memory Read Cycle and Forced Refresh (Wait = 1, Pin 5 = 0) 
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System Timing Diagrams (continued) 
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System Timing Diagrams (Continued) 


68000 Memory Read Cycle and Memory Refresh (Wait and Pin 5 = 1) 
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DP8408A, DP8409A and 68000 Interface 
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DP84322 Logic Diagram PAL 16R4 
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DP84412 


National 
Semiconductor 
Corporation 


DP84412 Dynamic RAM Controller Interface Series Circuit 


for the Series 32000® CPU 


General Description 


The DP84412 is a new Programmable Array Logic (PAL®) 
device, that replaces the DP84312, designed to allow an 
easy interface between the National Semiconductor Series 
32000 family of processors and the National Semiconductor 
DP8409A, DP8429, or DP8419 DRAM controller. 


The new DP84412 supplies all the control signals needed to 
perform memory read, write and refresh and work with the 
National Semiconductor Series 32000 family of processors 
up to 10 MHz. Logic is also included to insert WAIT states, if 
wanted, into the microprocessor READ or WRITE cycles 
when using fast CPUs. 


Features 

m Provides a 3-chip solution for the Series 32000 family, 
dynamic RAM _ interface (DP8409A or DP8419, 
DP84412, and clock divider). 


Connection Diagram 


Oho isin ian §& Joo [ro fo 


m Works with all Series 32000 family speed versions up 
to 10 MHz. 

@ Operation of Series 32000 processor at 10 MHz with 
no WAIT states. 

m Controls DP8409A or DP8419 Mode 5 accesses, hid- 
den refreshes and Mode 1 Forced Refreshes automati- 
Cally. 

Inserts WAIT states in READ or WRITE cycles auto- 
matically depending on whether WAITRD or WAITWR 
are low, or if CS becomes active during a forced Re- 
fresh cycle. 

Uses a standard National Semiconductor PAL part 
(DMPAL16R6A). 

The PAL logic equations can be modified by the user 
for his specific application and programmed into any of 
the PALs in the National Semiconductor family, includ- 
ing the new very high speed PALs (“B” PAL parts). 


TL/F/8397-1 


Order Number DP84412J or DP84412N 
See NS Package Number N20A or J20A 
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Absolute Maximum Ratings 
Specifications for Military/Aerospace products are not 
contained In this datasheet. Refer to the associated 
reliability electrical test specifications document. 

Operating Programming Operating Programming 
Supply Voltage, Vcc 7V 12V Off-State Output Voltage 5.5V 12V 
Input Voltage 5.5V 12V Storage Temperature Range —65°C to + 150°C 


clLpPsdd 


Recommended Operating Conditions 


Parameter 
| min | typ | Max 
Supply Voltage | ams | 6 | 


Width of Clock 


Setup Time from Input 
or Feedback to Clock 


Hold Time 


Operating Free-Air Temperature ae ee 
Operating Case Temperature ar ee 


Electrical Characteristics over Recommended Operating Temperature Range 


Symbol Test Conditions | min | typ | Max | units 
Vix___| Hightevelinputvottago | tc | 


Vi LowLevelinputvoltage | CT CT 
Vic Input Clamp Voltage Voc = Min, | = —18mA 


VoH High Level Output Voltage 


VoL Low Level Output Voltage 


loZH 
Off-State Output Current 


Voo = Max, Vi = 6.8V 
Voo = Max 
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DP84412 


Switching Characteristics over Recommended Ranges of Temperature and Vec 
Voc = 5V £10%. Commercial: Ta = 0°C to 75°C, Veco = 5V +5% 


a a 


Voc = Max at minimum temperature. 


ADDRESS/DATA ALL IC’S DECOUPLED 
* SERIES DAMPING RESISTERS 
*1 TIE UNUSED ADDRESS LINES TO Vcc 
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ADDRESS/OATA A16- 
BUS A23 
AOS 


(32032 OR 
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32008) 
AND 
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BANK 2 
MEMORY 


0P84300 RFcK J RASS MEMORY 


01/00 


LOW BYTE 
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Mnemonic Description 


INPUTS SIGNALS 
1) “FOLK” Fast clock from the NS32201 TCU 
clock chip, this signal runs at twice 
the speed of the system clock. 

From the NS32201 TCU clock chip, 
this signal indicates the start of the 
“T2” state and goes high at the be- 
ginning of the ‘‘T4” state. 

RFRQ (refresh request) in mode 5. 
From 8409A, an active low signal. 
From the Series 32000 CPU, address 
strobe. If the system includes the 
MMU (NS32082) then PAV should be 
connected to this input. 

Used to differentiate between READ 
and WRITE cycles, and to allow CS 
READ cycles to start early. 

This signal is used to add a WAIT 
state into a CS WRITE access cycle, 
and delay RASIN until the end of the 
“T2” clock period. 


2) “TSO’ ’ 





3) “RFI/O” 


4) “ADS” 


5) “DDIN” 


6) “WAITWRITE” 


7) “CTTL” From the NS32201 TCU clock chip, 
: this signal runs at the system clock 
frequency. 
8) “CS” From decoder chip (chip select) (ac- 
tive low). 


Used to insert 1 wait state into the Se- 
ries 32000 READ bus cycle. The wait 
state allows the use of memory with 
longer access times (tcac). An active 
low signal. 

This input enables the outputs of the 
“D-Flip Flop” outputs of the PAL. 


9) “WAITREAD” 


10) “OE” 


OUTPUTS SIGNALS 
1) “MODE” This pin goes to M2 on the DP8409A 
to change from mode 5 to mode 1 
(only used for forced refresh). 

Delay used internal to the PAL. 

Delay used internal to the PAL. 

Delay used internal to the PAL. 

To the 8409A (creates RASs). Goes 
low earlier for READ cycles than 
WRITE cycles. 

Goes active low once a hidden re- 
fresh (non CS cycle) or DRAM access 
has been performed. CYCLED always 
goes low at the beginning of the “T3” 
processor state. This signal goes high 
(reset) by the end of the processor 
bus cycle as indicated by TSO being 
high. 

This output inserts “WAIT” or 
“HOLD” states into the NS32016 ma- 
chine cycles (only WAIT states are 
used in this application). This output is 
in “not enabled” condition when CS is 
high (not chip selected). 

This signal goes active from the CPU 
ADS signal. This signal indicates that 
the processor is doing an access 
somewhere in the system. This signal 
stays low for several T states of the 
access cycle. 
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6) “CYCLED” 


7) “CWAIT” 


8) “INCYCLE” 
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Functional Description 


The following description applies to both the DP8409A and 
the DP8419 dynamic RAM controllers. 


A memory cycle starts when chip select (CS) and address 
strobe (ADS) are true. RASIN is supplied from the DP84412 
to the DP8409A dynamic RAM controller, which then sup- 
plies a RAS signal to the selected dynamic RAM bank. After 
the necessary row address hold time, the DP8409A 
switches the address outputs to the column address. The 
DP8409A then supplies the required CAS signal to the 
DRAM. In order to do byte operations it is suggested that 
the user provide external logic, as shown in the system 
block diagram, to produce a HIGH WRITE ENABLE and/or 
a LOW WRITE ENABLE. To differentiate between a READ 
and a WRITE, the DDIN signal from the CPU is used. DDIN 
is also supplied to the external WRITE ENABLE logic. 


A refresh cycle is started by one of two conditions. The 
refresh cycle caused by the first condition is called a hidden 
refresh. This occurs when refresh clock (RFCK) is high, CS 
is not true, and RASIN goes true. Here the CPU is accessing 
something else in the system and the DRAM can be re- 
freshed at that time, thereby being transparent to the CPU. 
The second type of refresh is called forced refresh. This 
occurs if no hidden refresh was performed while RFCK was 
high. When RFCK transitions low a refresh request (RFRQ) 
is generated. If there is not a DRAM access in progress the 
DP84412 will force a refresh by putting the DP8409A into 
mode 1 (automatic forced refresh mode). If the CPU tries to 
access the DRAM during a forced refresh cycle WAIT states 
will be inserted into its cycles until the forced refresh is over 
and the DRAM RAS precharge time has been met. Then the 
pending DRAM access will be allowed to take place. 


The DP84412 also allows forced refreshes to take place 
during long accesses of other devices. For instance, if 
EEPROM takes several microseconds to write to, the 
DRAM will still be refreshed while that access is in progress. 


In a standard memory cycle, the access can be slowed 
down by one clock cycle to accommodate slower memories 
or allow time to generate parity. This is accomplished by 
inserting a WAIT state into the processor access cycle. The 
DP84412 can insert WAIT states into either READ or 
WRITE cycles, or both. The extra WAIT state will not appear 
during the hidden refresh cycle, so faster devices on the 
CPU bus will not be affected. 





System Interface Description 


All members of the Series 32000 family of processors are 
able to use the DP84412. 


The DP84412 differentiates between READ and WRITE cy- 
cles, allowing the RASIN signal to start earlier during a 
READ cycle compared to a WRITE cycle. 


RASIN during a READ cycle will always start at the begin- 
ning of the ‘'T2” processor cycle. The user must also guar- 
antee that CS is valid a minimum of 30 ns before RASIN 
becomes valid. The worst case would be at 10 MHz where 
FCLK preceeds PHI1 by a maximum of 10 ns. RASIN can 
occur a minimum of approximately 8 ns after FCLK. There- 
fore CS must occur a minimum of 32 ns (30 ns+2 ns) be- 
fore the rising edge of PHI1 at 10 MHz. 

The user may want to tie CS low on the DP8409A/19 (dis- 
able HIDDEN REFRESH) and use the system transceivers 
to select the DRAM. In this case one only needs to concern 
himself with the 10 ns address setup time to RASIN. 
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System Interface Description (Continued) 


The DP84412 can be used in a system with the MMU 
(NS32082) but the signal PAV would be connected to the 
ADS input instead of ADS. 


Several other critical parameters in this application that in- 
volve the input signals DDIN, CWAIT, TSO, and FCLK. 
These parameters become most critical at 10 MHz where it 
is suggested that they are directly connected to the corre- 
sponding pins of the Series 32000 family ICs. 


This section of the data sheet goes through the calculation 
of the “tRAC” (RAS access time) and “tCAC” (CAS access 
time) required by the DRAM for the Series 32000 family 
CPUs to operate at a particular clock frequency without in- 
troducing wait states into the processor access cycles. Both 
“tRAC” and “tCAC” must be considered in determining 
what speed DRAM can be used in a particular system de- 
sign. The DRAM chosen must meet both the ‘tRAC” and 
“tCAC” parameters calculated. In order to determine the 
“tRAC” and “tCAC” needed the DP8419 and fast PALs 
(‘B” type PALs) timing parameters were used. If the user is 
using the DP8408A/09A or a slower PAL device he should 
substitute their respective delays into the equations below. 
Most all of the calculations contained in this note use 
“RAHS” = 1 (15 ns guaranteed minimum row address hold 
time). Calculations only used “RAHS” = 0 (25 ns guaran- 
teed minimum row address hold time) when the calculated 
access time from RAS exceeded 200 ns. This is because 
DRAMs can be found with row access times up to 150 ns 
that require only 15 ns row address hold times. 


EXAMPLE DRAM TIMING CALCULATIONS 


A) 8 MHz Series 32000 CPU, No Wait states 

#1) RASIN = T1 — 2 ns (FCLK to PHI1 skew) + 12 ns 
(“B” PAL clocked output) = 125 — 2 + 12 = 135 ns 
maximum 

#2) RASIN to RAS low = 20 ns maximum (DP8419) 

#3) RASIN to CAS low = 80 ns (DP8419 RASIN — CAS 
low) — 3 ns (load of 72 DRAMs instead of 88 DRAMs 
speced in data sheet) = 77 ns 

#4) 74F245 transceiver delay = 7 ns maximum 

#5) CPU data setup time to “T4” = data setup to PH!2 T.E. 
+ maximum PHI2 F.E. to PHI1 R.E. = 15 + 5 = 20ns 
minimum 

“tRAC’=T1+T2+7T3— 41—#2—#44—#5 

= 125+ 125+ 125—135—-20—7 —20=193 ns 
“tCAC’=T1+T2+T3— #1—#3—#4—#45 
= 125+ 125+ 125— 135-77 —7—20=136 ns 

Therefore the DRAM chosen should have a ‘“‘tRAC” less 

then or equal to 193 ns and a “tCAC” less than or equal to 

136 ns. Standard 150 ns DRAMs meet this criteria. 

The minimum RAS PRECHARGE TIME will be approximate- 

ly one and one half clock periods = 125 + 62 = 187 ns. 

The minimum CAS PRECHARGE TIME will be approximate- 

ly one and one half clock periods plus 35 ns (minimum 

tricL—tricH for the DP8409-2) = 125 + 62 + 35 = 

222 ns. 

The minimum RAS PULSE WIDTH will be approximately two 

clock periods — 5 ns (maximum tRpp_—tappH for the 

DP8409-2) = 250 — 5 = 245 ns. 

The minimum CAS PULSE WIDTH will be approximately two 

clock periods — 70 ns (maximum tricL—tricH for the 

DP8409-2) = 250 — 70 = 180 ns. 
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The smallest pulse widths are generated during WRITE cy- 
cles since RASIN during WRITE cycles starts later than 
RASIN during READ cycles. 

If one inserted a WAIT state in READ cycles the DRAM 
column access times and the RAS pulse width would be 
increased by one clock period (125 ns in this case). A WAIT 
state in WRITE cycles would just increase the RAS pulse 
width by one clock period. 


B) 10 MHz Series 32000, No Wait States 

#1) RASIN low = T1 — 2ns (FCLK — PHI1 skew) + 12 ns 
(“B” PAL clocked output) = 100 — 2 + 12 = 110ns 
maximum 

#2) RASIN to RAS low = 20 ns maximum 

#3) RASIN to CAS low = 80 ns maximum (DP8419 RASIN 
—CAS low) ~— 3 ns (load of 72 DRAMs instead of 88 
DRAMs speced in data sheet) = 77 ns 


#4) 74F245 transceiver delay = 7 ns maximum 
#5) CPU data setup time to ‘‘T4” = data setup to PHI2 T.E. 
+ maximum PHI2 F.E. to PHI1 R.E. = 15 + 5 = 15ns 
minimum 
“tRAC’=T1+T2+T3— #1—#2— #4— #5 
= 100+ 100+ 100—110—-20—7-—15=148 ns 
"*CAC’=T1+T2+T3— #1—#3—#4— #5 
= 100+ 100+ 100—110-—77—7—-15=91 ns 
Therefore the DRAM chosen should have a “tRAC” less 


then or equal to 148 ns and a “tCAC” Jess than or equal to 
91 ns. Standard 120 ns DRAMs meet this criteria. 


The minimum RAS PRECHARGE TIME will be approximate- 
ly one and one half clock periods = 100 + 50 = 150 ns. 


The minimum CAS PRECHARGE TIME will be approximate- 
ly one and one half clock periods plus 35 ns (minimum 
tRicL—tricH for the DP8409-2) = 100 + 50 + 35 = 
185 ns. 


The minimum RAS PULSE WIDTH will be approximately two 
clock periods — 5 ns (maximum tapp_—trppH for the 
DP8409-2) = 200 — 5 = 195 ns. 


The minimum CAS PULSE WIDTH will be approximately two 
clock periods — 70 ns (maximum tricL—tricH for the 
DP8409-2) = 200 — 70 = 130ns. 


The smallest pulse widths are generated during WRITE cy- 
cles since RASIN during WRITE cycles starts later than 
RASIN during READ cycles. 


If one inserted a WAIT state in READ cycles the DRAM 
column access times and the RAS pulse width would be 
increased by one clock period (100 ns in this case). A WAIT 
state in WRITE cycles would just increase the RAS pulse 
width by one clock period. 


SUGGESTIONS 


It is suggested that the DP8409A could be used up to 8 
MHz. Above 8 MHz one should use the DP8409-2 or the 
DP8419. Also, fast PALs (‘‘A” or “B” parts) should be used 
at 8 MHz and above. 


INTERPRETING THE DP84412 PAL EQUATIONS 


The boolean equations for the DP84412 were written using 
the standard PALASM™ format. In other words the equa- 
tion: “IF (Voc) RASIN= INCY*MODE*4D*DDIN” will mean; 
The output “RASIN” (see pin list for DP84412) will be active 
low (inverted RASIN) when the output “INCY” is low (mak- 
ing INCY high) AND the output “MODE” is high AND the 
output “4D” is low (making 4D high) AND the input DDIN is 
low (making DDIN high). 














PAL Boolean Equations 

PAL16R6A 3;FAST PAL 

NEW PAL FOR THE NATIONAL SEMICONDUCTOR NS32016, 32008, 32032 
NATIONAL SEMICONDUCTOR (WORKS UP 10 MHz) 


FCLK TSO RFIO ADS DDIN WAITWR CTTL CS WAITRD GND 


OE CWAIT 4DLY SDLY 2DLY MODE RASIN CYCLED INCY Vcc 


RASIN := INCY*CYCLED*MODE*CTTL*DDIN+ sStart RASIN fast during 
"READ" cycle 


INCY*MODE*2DLY*WAITWR+ ‘tWRITE'' cycle without WAIT states 














we we we we we 


CSeINCYeMODE*2DLY + Hidden Refresh RASIN 
CS* INCY*MODE*2DLY°WAITWR°CTTL+ ''WRITE'' cycle with WAIT states 
RASIN@INCY*MODE*2DLY continue RASIN 


CYCLED := MODE*2DLY*WAITWR*DDIN*CTTL+ 


MODE*2DLY*WAITRD*DDIN*CTITL+ 


MODE* 2DLY*4DLY*WAITRD*DDIN*CTIL+ 
MODE*2DLY*4DLY*WAITWR*DDIN*CTITL+ 





sNo WAITS inserted 
sNo WAITS inserted 
sWAIT in READ cycle 
sWAIT in WRITE cycle 





CYCLED*TSO*MODE+ 
CYCLED*MODE*CTITL 


MODE := RFIO*INCY*2DLY*CTTL+ sforced refresh during idle 
sstates, in long cycles, 


MODE* 3DLY + sor at the end of a cycle 
MODE*4DLY + 
MODE*CTITL 


= MODE*4DLY*CTTL+ 
2DLY*CTTL+ 
INCY*CYCLED*MODE*3DLY*4DLY*CTTL+ 
CS*DDIN*WAITRD* INCY*MODE* 2DLY* 3DLY *4DLY + sextend 2DLY if 
CS*DDIN*WAITWR* INCY*MODE* 2DLY*3DLY *4DLY ; WAIT states 
are wanted 


2DLY 


SDLY := 2DLY*4DLY*CTTL+ 
3DLY*CTTL 


4DLY ;= 3DLY*CTTL+ 
4DLY*CTTL+ 
INCY*MODE*CTTL+ 
INCY*MODE*2DLY*CTTL 


IF (VCC) INCY = ADS*MODE+ 
CS*TSO*CYCLED*MODE* 2DLY*4DLY + ;Start INCY for CS 
INCY*CYCLED + saccess after forced 
INCY*2DLY srefresh 


IF (CS) CWAIT=CS*TSO*CYCLED*MODE*2DLY*4DLY+ ;for Access during 
sforced refresh 
CS*TSO*MODE+ sduring forced refresh 
CS*INCY*CYCLED*DDIN*WAITRD*MODE*2DLY* 3DLY*4DLY + 
; CS READ cycle with 
; WAIT states 
CS* INCY*CYCLED*DDIN*WAITWR*MODE*2DLY* 3DLY*4DLY 
; CS WRITE cycle with 
; WAIT states 


FIGURE 1. Equations for the Series 32000 Family Interface PAL _ 
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System Timing Diagrams 


10 MHz SERIES 32000 HIDDEN REFRESH CYCLE 
READ CYCLE (NO WAIT STATES) (WRITE) 


FCLK 


CTTL 


ADS 


ADDRESS/DATA 


RF I/0 


40ly 


CWAIT 





TL/F/8397-3 


3-30 


System Timing Diagrams (continued) 
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10 MHz SERIES 32000 10 MHz SERIES 32000 
WRITE CYCLE (NO WAIT STATES) READ CYCLE (W/1 WAIT STATE) 
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System Timing Diagrams (continued) 


FCLK 


CTTL 


ADS 


ADDRESS/DATA 


RASIN 


RF 1/0 


a0ly 


WAITRO 





10 ww SERIES 32000 
HIDDEN RFSH WRITE CYCLE 
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WRITE CYCLE (WITH 1 WAIT STATE) 
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System Timing Diagrams (Continued) 
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10 MHz SERIES 32000 
FORCED REFRESH WITH NON-CS ACCESS AT THE ENO 


ma Rae 
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System Timing Diagrams (continueg) 


10 MHz SERIES 32000 
FORCED REFRESH WITH WRITE ACCESS 


Tw2 
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PE 
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ADDRESS/DATA Rete WRITE DATA 
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System Timing Diagrams (Continued) 
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10 MHz SERIES 32000 
FOACED REFRESH WITH READ ACCESS AT THE END 


Ti 1 T2 
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System Timing Diagrams (Continueg) 


10 MHz SERIES 32000 aed 
FORCED REFRESH WITH NON-CS ACCESS THEN CS ACCESS 
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National 
OY Semiconductor 
Corporation 


PRELIMINARY 


DP84422 Dynamic RAM Controller 
Interface Circuit for the 68000/008/010 CPU(s) 


General Description 


The DP84422 is a new Programmable Array Logic (PAL®) 
device, that replaces the DP84322, designed to allow an 
easy interface between the Motorola 68000 family of proc- 
essors and the National Semiconductor DP8409A, DP8429, 
or DP8419 DRAM controller. 


The new DP84422 supplies all the control signals needed to 
perform memory read, write, read modify write (as in the 
Test and Set, “TAS”, instruction), and refresh and work with 
the 68000 family of processors up to 12.5 MHz. Logic is also 
included to insert WAIT states, if wanted, into the micro- 
processor READ or WRITE cycles when using fast CPUs. 


Features 

w Provides a 3-chip solution for the 68000 family, dynam- 
ic RAM interface (DP8409A or DP8419, DP84422, and 
clock divider). 


Connection Diagram 


Whoo insrico fon ie Joo Fro fa 


@ Works with all 68000 family speed versions up to 12.5 
MHz.—(68008; 68000; and 68010). 

m Operation of 68000 processor at 10 MHz with no WAIT 
states, 

m Controls DP8409A or DP8419 Mode 5 accesses, hid- 
den refreshes and Mode 1 Forced Refreshes automati- 
cally. 

Inserts WAIT states in READ or WRITE cycles auto- 
matically depending on when WAIT is low, or if chip se- 
lect becomes active during a forced Refresh cycle. 
Uses a standard National Semiconductor PAL part 
(DMPAL16R4A). 

The PAL logic equations can be modified by the user 
for his specific application and programmed into any of 
the PALs in the National Semiconductor family, includ- 
ing the new very high speed PALs (“B” PAL parts). 


TL/F/8398-1 


Order Number DP84422J or DP84422N 
See NS Package J20A or N20A 
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Absolute Maximum Ratings 
Specifications for Military/Aerospace products are not 
contained in this datasheet. Refer to the associated 
reliability electrical test specifications document. 


Operating Programming Operating Programming 
Supply Voltage, Vcc 7V 12V Off-State Output Voltage 5.5V 12V 
Input Voltage 5.5V 12V Storage Temperature Range —65°C to + 150°C 


Recommended Operating Conditions 


| Min | typ | Max | 


|__SupplyVoitage CC CS TO 

Width of Clock ee ee ee ea 

| High | 5 | Ct | sd 

oe 
or Feedback to Clock 

| HoldTime = Ctts“‘“‘CSsrTS CCT tT 


Operating Free-Air Temperature a ee ee ce 
Operating Case Temperature are ee ae 








Units 










ns 









Electrical Characteristics over Recommended Operating Temperature Range 


Symbol | __—Parameter_ Ss |_—TestConditions | Min. | Typ | Max | Unit 
Vin | HighLevelinputVottage [| 

Vit ee V 
Vic V 


Voc= Min 
VoH High Level Output Voltage Vit =0.8V lon=—3.2mA COM Vv 
Vip=2V 
Voc= Min 
VoL Low Level Output Voltage ViL=0.8V lolL=24mA COM Vv 
Vin=2V 


lozH Voc = Max | Vo=24V002— 2. | Vo=24V002— pA 


Off-State Output Current Vv nike 
Fi Maximum Input Current Voc = Max, Vj=5.5V mA 


hi Voc=Max, V|=2.4V om neo pA 
n Voo=Max, Vi=0.4V | | = 0.02 | -0.25 | mA 
los__| Output Short-CircuitCurrent_| Voc=5V__Vo=ov | 30 | -70 | -130 | mA 
loo | Supply Current |] Voc=Max | 120 | 180 || 


Switching Characteristics over Recommended Ranges of Temperature and Vcc 
Voc=5V + 10% Commercial: Ta=0 to 75°C, Voc=5V + 5% 


Test Conditions Commercial 
Parameter 
a. a Rup? [win | vp 


| Inputor Feedback to Output —_| or Feedback to Output CL=50 pF 


Clock to Output of Feedback 


| PintitoOutputDisable | =SpF | | tt | 
|__Inputto OutputEnable | =S0pF_ | | tT 
| Input to Output Disable | =SpF_ | || 
| MaximumFrequency | CT | 


Voc= Max. at minimum temperature 
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ALLIC’S DECOUPLED 

* SERIES DAMPING RESISTERS 

*1 TIE UNUSED ADDRESS LINES T0 Vcc 

@ For maximum speed use 1 driver per 1/2 bank of DRAM. 


This circuit provides direct support of the 68000 Test and Set Instruction using PAGE MODE ORAMs. 






BANK O LO 












RASO 


BANK OHI 


MEMORY 
00-6,7,.8 


CASH 0I/D0 







T4ALS138 





ADDRESS 1-23 











RASI 


BANK 1H! 
MEMORY 






Q0-6,7,8 
CASH DI/DO 






MC68000 






RFRO=AF 1/0 
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DATA BUS 







MODE 
RASIN 


M2=RFSH 
RASIN 
RGCK 
RFCK 


















WIN 





RAS3 MEMORY 
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0P84300 
CASH 


De— Po 
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Dee 
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beets 4 
DATA IN/DATA OUT 


DI/D0 





68000 LDS 










ENABLE 
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T4F245 
TRANSCEIVERS 
(IF REQUIRED) 











. 68000 UDS 
DATABUS 0-15 
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Mnemonic Description 
INPUT SIGNALS 
1) “CLK”, “CK” 
2) “KS” 


This is the 68000 CPU clock. 

This is the 68000 address strobe pin. 
This signal also tells when the 68000 
is in a cycle. 

This is the chip select signal for the 
DP8409A. 

This is the READ/WRITE pin from the 
68000. 

This is the RFIO, used as refresh re- 
quest, from the DP8409A. 

This pin allows the insertion of 1 WAIT 
state in a CS Access cycle if low. As 
an example; if the user wants 1 WAIT 
state in READ accesses but 0 WAIT 
states in WRITE accesses he can in- 
vert the “R/W” input to this input. 
This input was produced by inverting 
the two terms UDS and LDS and then 
logically “NOR”ing them together. 
This input is low whenever one or both 
UDS or LDS are low. This pin is used 
in order to support the 68000 “TAS” 
instruction. This signal is used in the 
“DTACK” PAL output. 

This input allows the user to disable 
the DP8409A/19 hidden refresh, when 
low, provided he also ties “CS” low on 
the DP8409A/19. When this input is 
low “RASIN” is only brought low when 
a “CS” access (“CS” input to PAL 
low) is in progress 

Must be tied low to enable DP84422 
outputs. 


OUTPUT SIGNALS 
1) “CYCLED” 


3) “Ss” 
4) “R” 
5) “RFIO” 


6) “WAIT” 


7) “UDSLDS” 


8) “DH” 


9) “OE” 


This signal goes low once a hidden re- 
fresh or an access has been done as 
indicated by 2DLY and 3DLY being 
low. This signal goes high once the cy- 
cle is over as indicated by AS going 
high. See also “DH input 

This signal goes low following AS dur- 
ing an access or hidden refresh. See 
also “DH” input. 

This signal causes WAIT states to be 
inserted into the 68000 processor cy- 
cles if it is not low a setup time before 
$4 falling clock edge. 

This signal indicates that an access 
has been requested during a forced 
refresh cycle. This signal is used to in- 
sert WAIT states during the foremen- 
tioned condition or to prevent a “‘non- 
CS” access cycle from automatically 
starting. 

This signal is used to pull the 
DP8409A pin M2 low in order to go to 
mode 1 to do a forced refresh. 

This signal is an internal delay. 

This signal is an internal delay. 

This signal is an internal delay. 


2) “RASIN” 


3) “DTACK” 


4) “INCYRF” 


5) “MODE” 


6) “2DLY” 
7) “3DLY” 
8) “4DLY” 
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Functional Description 


The following description applies to both the DP8409A, 
DP8429, and the DP8419 dynamic RAM controllers. 


A memory cycle starts when chip select (CS) and address 
strobe (AS) are true. RASIN is supplied from the DP84422 
to the DP8409A dynamic RAM controller, which then sup- 
plies a RAS signal to the selected dynamic RAM bank. After 
the necessary row address hold time, the DP8409A 
switches the address outputs to the column address. The 
DP8409A then supplies the required CAS signal to the 
DRAM. In order to do byte operations it is suggested that 
the user provide external logic, as shown in the system 
block diagram, to produce a HIGH CAS and a LOW CAS. To 
differentiate between a READ and a WRITE, the R/W signal 
from the CPU is used. 


A refresh cycle is started by one of two conditions. The 
refresh cycle caused by the first condition is called a hidden 
refresh. This occurs when refresh clock (RFCK) is high, CS 
is not true, and RASIN goes low. Here the CPU is accessing 
something else in the system and the DRAM can be re- 
freshed at that time, thereby being transparent to the CPU. 
The second type of refresh is called forced refresh. This 
occurs if no hidden refresh was performed while RFCK was 
high. When RFCK transitions low a refresh request (RFRQ) 
is generated. If there is not a DRAM access in progress the 
DP84422 will force a refresh by putting the DP8409A into 
mode 1 (automatic forced refresh mode). If the CPU tries to 
access the DRAM during a forced refresh cycle WAIT states 
will be inserted into its cycles until the forced refresh is over 
and the DRAM RAS precharge time has been met. Then the 
pending DRAM access will be allowed to take place. 


The DP84422 also allows forced refreshes to take place 
during long accesses of other devices. For instance, if 
EEPROM takes several microseconds to write to, the 
DRAM will still be refreshed while that access is in progress. 


In a standard memory cycle, the access can be slowed 
down by one clock cycle to accommodate slower memories 
or allow time to generate parity. This is accomplished by 
inserting a WAIT state into the processor access cycle. The 
DP84422 can insert WAIT states into either READ cycles, 
WRITE cycles, READ MODIFY WRITE cycles, or both 
READ and WRITE cycles or the READ and WRITE portion 
of a READ MODIFY WRITE cycle. The extra WAIT state will 
not appear during the hidden refresh cycle, so faster devic- 
es on the CPU bus will not be affected. 

During a Test and Set instruction CAS is generated twice 
while RAS is low. In order for this instruction to execute 
properly Page Mode DRAMs must be used. 








System Interface Description 


All members of the Motorola 68000 family of processors are 
able to use the DP84422. 


RASIN during a READ cycle will always start at the begin- 
ning of the ‘‘S3” processor cycle. The user must guarantee 
that CS is valid a minimum of 30 ns before RASIN becomes 
valid, unless the PAL “DH” input is low and the DP8409A/ 
19 “CS” input is tied low (hidden refresh disabled). 





System Interface Description (Continued) 


Several critical parameters in this application involve the in- 
put system CLOCK and the ADDRESS STROBE, AS. These 
parameters become most critical at higher frequencies (10 
MHz and above) where it is suggested that they are directly 
connected to the corresponding pins of the Motorola 68000 
family ICs. 


This section of the data sheet goes through the calculation 
of the “trac” (RAS access time) and “tcac” (CAS access 
time) required by the DRAM for the 68000 family CPUs to 
operate at a particular clock frequency without introducing 
wait states into the processor access cycles. Both “trac” 
and ‘'tcac” must be considered in determining what speed 
DRAM can be used in a particular system design. The 
DRAM chosen must meet both the “trac” and “tcac” pa- 
rameters calculated. In order to determine the “trac” and 
“tcac’” needed the DP8419 and fast PALs (B” type PALs) 
timing parameters were used. If the user is using the 
DP8408A/09A or a slower PAL device he should substitute 
their respective delays into the equation below. 


Most all of the calculations contained in this note use 
“RAHS” = 1 (15 ns guaranteed minimum row address hold 
time). Calculations only used “‘RAHS” = 0 (25 ns guaran- 
teed minimum row address hold time) when the calculated 
access time from RAH exceeded 200 ns. This is because 
DRAMs can be found with row access times up to 150 ns 
that require only 15 ns row address hold times. 


The calculated “trac” and “‘tcac” may differ from the actu- 
al system values depending upon the external circuitry used 
to produce “CASH” and “CASL”. The DP8409A/19 
“RASIN-CAS” low will be approximately 10-15 ns less 
than the value given in the data sheet because of the small 
loading on the DP8409A/19 “CAS” output. The external 
circuitry needed to produce “CASH, L” should be loaded 
such that the column address (from DP8409A/19 is valid 
when “CASH, L” goes low. For this reason “RASIN- 
CASH, L” may be longer than the value used in the “trac, 
tcac”’ calculations, and therefore may give a smaller “trac, 
tcac’”’ then was calculated. 


EXAMPLE DRAM TIMING CALCULATIONS 


A) 8 MHz 68000, No WAIT States 


#1) RASIN low = SO + S1 + AS low (maximum) + “B” 
PAL combinational output delay maximum = 125 + 
60 + 15 = 220 ns maximum 


#2) RASIN to RAS low = 20 ns maximum 


#3) RASIN to CAS low = 80 ns (DP8419 RASIN — CAS 
low) — 3 ns (load of 72 DRAMs instead of 88 DRAMs 
speced in data sheet) = 77 ns 


#4) 74F245 transceiver delay = 7 ns maximum 
#5) CPU data setup time = 15 ns minimum 














“trac” = (SO + S1) + (S2 + S3) + (S4 + S5) + S6 (min) 
— #1 — #2— #4 —- #5 
= 125 + 125 + 125 + 55 — 200 —- 20-7-15 
= 188 ns 
“tcoac”’ = (SO + S1) + (S2 + S3) + (S4 + S5) + S6 (min) 


— #1-— #3 —-— #4 —-— #5 
= 125 + 125 + 125 + 55 — 200 —-77 —7 —15 
= 131 ns 


Therefore the DRAM chosen should have a “trac” less 
than or equal to 188 ns and a “tcac’”’ less than or equal to 
131 ns. Standard 150 ns DRAMs meet this criteria. 
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The minimum RAS PRECHARGE TIME will be approximate- 

ly one and one half clock periods = 125+ 55= 180 ns. 

The minimum CAS PRECHARGE TIME will be approximate- 

ly one and one half clock periods plus 35 ns (minimum 

tricL—tricH for the DP8409-2) = 125+ 55+ 35=215 ns. 

The minimum RAS PULSE WIDTH will be approximately two 

clock periods—5 ns (maximum tappL_—tRppy for the 

DP8409-2) = 250—5= 2465 ns. 

The minimum CAS PULSE WIDTH will be approximately two 

clock periods —70 ns (maximum trict—tricH for the 

DP8409-2) = 250—70= 180 ns. 

The smallest pulse widths are generated during WRITE cy- 

cles since RASIN during WRITE cycles starts later than 

RASIN during READ cycles. 

If one inserted a WAIT state in READ cycles the DRAM 

column access times, the CAS pulse width, and the RAS 

pulse width would be increased by one clock period (125 ns 

in this case). A WAIT state in WRITE cycles would just in- 

crease the RAS and CAS precharge by one clock period. 

B) 10 MHz 68000, No WAIT states 

#1) RASIN low = SO + S1 + AS low (maximum) + “B” 
PAL combinational output delay maximum = 100 + 
55 + 15 = 170 ns maximum 

#2) RASIN to RAS low = 20 ns maximum 

#3) RASIN to CAS low = 80 ns (DP8419 RASIN — CAS 
low) — 3 ns (load of 72 DRAMs instead of 88 DRAMs 
speced in data sheet) = 77 ns 

#4) 74F245 transceiver delay = 7 ns maximum 


#5) CPU data setup time = 10 ns minimum 








“trac” = (SO + $1) + (S2 + $3) + (S4 + $5) + S6 (min) 
— #1— #2-— #4-— #5 
= 100 + 100 + 100 + 45 — 170 — 20-—7- 10 
= 138 ns 
“toc” = (S0 + $1) + (S2 + $3) + (S4 + $5) — S6 (min) 


— #1-— #3-— #4-— #5 
= 100 + 100 + 100 + 45 —- 170 —-77-— 7-10 
= 81ns 
Therefore the DRAM chosen should have a “trac” less 
than or equal to 138 ns and a “tcac”’ less than or equal to 
81 ns. Standard 120 ns DRAMs meet this criteria. 
The minimum RAS PRECHARGE TIME will be approximate- 
ly one and one half clock periods= 100+ 45= 145 ns. 
The minimum CAS PRECHARGE TIME will be approximate- 
ly one and one half clock periods plus 35 ns (minimum 
tRicL—tricH for the DP8419)= 100+ 45+ 35= 180 ns. 
The mininum RAS PULSE WIDTH will be approximately two 
clock periods—5 ns (maximum tappL—tRppH for the 
DP8419)= 200—5= 195 ns. 
The minimum CAS PULSE WIDTH will be approximately two 
clock periods—50 ns (maximum tricL—tricH for the 
DP8419)= 200 —50= 150 ns. 
The smallest pulse widths are generated during WRITE cy- 
cles since RASIN during WRITE cycles starts later than 
RASIN during READ cycles. 
If one inserted a WAIT state in READ cycles the DRAM 
column access times, the CAS pulse width, and the RAS 
pulse width would be increased by one clock period (100 ns 
in this case). A WAIT state in WRITE cycles would just in- 
crease the RAS and CAS precharge by one clock period. 
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Interpreting the DP84422 PAL Equations 


The boolean equations for the DP84422 were written using the standard PALASM™ format. In other words the equation: 


“IF (VCC) RASIN=INCY *MODE+4D+R” will mean; 


The output “RASIN” (see pin list for DP84422) will be active low (inverted RASIN) when the output “INCY” is low (making INCY 
high) AND the output “MODE” is high AND the output “4D” is low (making 4D high) and the input R/W is low (making R high). 


PALL6R4A ; FAST PAL 
NEW PAL FOR THE MOTOROLA 68000 PROCESSOR 
(WORKS UP TO 12.5MHZ) 


CK /AS RFIO /UDSLDS R /DH CLK /CS /WAIT GND 


JOE /INCYRF /CYCLED /4DLY /3DLY /2DLY /MODE /DTACK /RASIN VCC 


IF (VCC) RASIN = 

CS* /INCYRF+AS+ /MODE+4DLY+ /CYCLED* /CLK+ 
/CS* /INCYRF+AS+* /MODE+2DLY* /CYCLED+ /DH+ 
CS*INCYRF*AS+ /MODE+4DLY+ /CYCLED*+ /CLK+ 

CS+*RASIN« /MODE+AS+ 

RASIN+ /MODE*2DLY 


IF (VCC) CYCLED =/MODE*+2DLY*3DLY*/4DLY+ 
CYCLED+AS+ 
/MODE*CYCLED+ /CLK+ 
/CS*AS* /MODE+ /2DLY* /3DLY« /4DLY 


IF (VCC) INCYRF =MODE+AS + 
INCYRF+4DLY+AS 


IF (CS) DTACK = AS*/WAIT+/R+*/MODE*/CLK+ 
AS*WAITs /R+* /MODE*2DLY* /CLK+ 
UDSLDS* /WAIT+*R* /MODE*/CLK+ 
UDSLDS+WAIT*R* /MODE*2DLY+ /CLK+ 
DTACK+2DLY* /MODE+ 
DTACK+AS*RASIN* /MODE*/CYCLED+ 
DTACK*AS*/R* /MODE 


= /RFIO+/AS*/CYCLED+ /RASIN+ 


/CS*/RFIO*AS*CYCLED* /2DLY+ / 3DLY* /RASIN+ 


MODE* /SDLY+ 
MODE* /4DLY 
= MODE* /4DLY+ 
/INCYRF«AS* /CYCLED+ /MODE* /3DLY+4DLY+ 
CS*INCYRF*AS*/CYCLED+ /MODE* / 3DLY+*4DLY+ 
/MODE+*2DLY« /S3DLY+ 
CS+WAIT*AS* /MODE*2DLY+* 3DLY*/4DLY+ 
CS+#AS* /R*CYCLED* /MODE+ /2DLY+ /3DLY+* /4DLY 


2DLY* /4DLY 
= SDLY+ 
/AS* /MODE+ 


/CS* /RFIO*«AS*CYCLED+ /2DLY*/SDLY+ /RASIN+ /MODE 


;Start RASIN 

sRASIN for Hidden RFSH 
;Start RASIN after RFSH 
sHold RASIN valid 

sHold RASIN valid 


;Start "CYCLED", does not allow 

; glitch after refresh 

sEnd on rising edge of CLK 

;Start during long accesses of other 
; devices 


3;Set Access during Refresh 
sHold it while 4DLY is low 


30 WAIT's for WRITE 

31 WAIT for WRITE 

30 WAIT's for READ 

31 WAIT for READ 

sContinue DTACK 

sContinue DTACK 

sContinue DTACK in RMW 

; cycle 

;For IDLE states or beginning 
3; states of 68000 cycle 
3For RFSH during long cycles 
; of other devices 


3;Start 2DLY 
sStart 2DLY after RFSH 


3;Make 2DLY longer 
3Start second 2DLY for 
sthe TAS instruction 


sNeed for beginning of forced refresh to 
3; inhibit "2DLY" 


FIGURE 1. Equations for New 68000 PAL That Supports the 68000 “TAS” Instruction 
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System Timing Diagrams 
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68000 10 MHz 
68000 10 MHz READ CYCLE HIDDEN REFRESH CYCLE 
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System Timing Diagrams (Continued) 


68000 
68000 WRITE CYCLE READ CYCLE WITH ONE WAIT STATE 
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System Timing Diagrams (Continued) 
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68000 7 10 MHz TEST AND SET INSTRUCTION 
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System Timing Diagrams (Continueg) 


68000 FORCED REFRESH THEN NON-CS ACCESS 


ADDRESS 


INCYRF 
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System Timing Diagrams (Continue) 
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68000 FORCED REFRESH WITH CS WRITE ACCESS 
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System Timing Diagrams (Continued) 


68000 FORCED REFRESH WITH CS ACCESS AT THE END 
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System Timing Diagrams (continued) 
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68000 FORCED REFRESH CYCLE WITH NON-CS ACCESS THEN CS ACCESS 
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System Timing Diagrams (continued) 


FORCED REFRESH DURING LONG NON-CS ACCESS 
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National 
Semiconductor 
Corporation 


PRELIMINARY 


DP84432 Dynamic RAM Controller Interface 
Circuit for the 8086/8088/80186/80188 CPU’s 


General Description 

The DP84432 is a new Programmable Array Logic (PAL®) 
device, that replaces the DP84332, designed to allow an 
easy interface between the Intel 8088, 8086, 80188, 80186 
CPU’s and the National Semiconductor DP8409A, DP8429, 
or DP8419 DRAM controller. 

The new DP84432 supplies all the control signals needed to 
perform memory read, write and refresh and work with the 
Intel processors up to 10 MHz. Logic is also included to 
insert WAIT states, if wanted, into the microprocessor 
READ or WRITE cycles when using fast CPU’s. 


Features 

m Provides a 3-chip solution for the 8086 family, dynamic 
RAM interface (DP8409A or DP8419, DP84432, and 
clock divider) 


Connection Diagram 


t% 
cS 


WiC isi fen ie ico fro ja 


m Works with all 8086 family speed versions up to 10 
MHz 

@ Operation of 8086, 8088, 80186, 80188 at 10 MHz with 
no WAIT states 

m Controls DP8409A or DP8419 Mode 5 accesses, hid- 
den refreshes and Mode 1 Forced Refreshes automati- 
cally 
Inserts WAIT states in READ or WRITE cycles auto- 
matically depending on whether WAITRD or WAITWR 
are low, or if CS becomes active during a forced Re- 
fresh cycle 
Uses a standard National Semiconductor PAL part 
(DMPAL16R4A) 
The PAL logic equations can be modified by the user 
for his specific application and programmed into any of 
the PALs in the National Semiconductor family, includ- 
ing the new very high speed PALs (“B” PAL parts) 


TL/F/8399~1 


Order Number DP84432N or DP84432J 
See NS Package Number N20A or J20A 
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Absolute Maximum Ratings 


Specifications for Military/Aerospace products are not Operating Programming 

contained in this datasheet. Refer to the associated Supply Voltage, Vcc 7V 12V 

reliability electrical test specifications document. Input Voltage 5.5V 12V 
Off-State Output Voltage 5.5V 12V 
Storage Temperature Range —65°C to + 150°C 


DP84432 Recommended Operating Conditions 


Parameter 


| Min | iT 
Width of Clock 
Setup Time from Input or Feedback to Clock | 25 | 
a 
[Operating Fres-Air Temperate —=S=~=~“*‘~*éidCSC‘isC*éidé;C*i‘a SR CSC*SC‘ 


[Operating Case Temperaure ——SSCS~SC“~iSSCSCiS 


Electrical Characteristics over Recommended Operating Temperature Range 


Symbol | Parameter. _— | TestConditions | Min_| Typ | Max | Units 
Vin | Hightevelinputvotage | TT 
Vii | LowLevelinputvotage | tw 
Vic___| InputClamp Voltage | Voc = Minni= -18mA || 08 | 15 |v 


VoL Low Level Output Voltage lo. = —24mA COM || os fo Vv 


Movew | fp |e 
Deneve 
h Voc = Max., Vi = 6.5V ee de ee oe la 
hi Voc = Max. Vi = 2.4V a ee 
he Voc = Max. Vi = 0.4V | | =002 | ~025 | ma 
los__| Output Short-Circuit Curent | Voc=5V Vo=ov | ~30 | 70 | -130 | ma 
loc | _SupplyCurrentt_ | Vcc=Mex. | | tz0 | t80_| ma 


Switching Characteristics over Recommended Ranges of Temperature and Voc 
Voc = 5V+10%. Commercial: Ta =0 to 75°C, Voc =5V 45% 


yp 
0 
16 












VoH High Level Output Voltage 






Off-state Output Current 





Test Conditions 


Parameter 


Input or Feedback to Output 
Clock to Output or Feedback CL = 50 pF 


| | t0 

| Pint1toOutput Disable |= SPF | | ttt 
|__InputtoOutputenable | = 50prF | Tt 
| inputtoOutputDisable | = Ser || tT 
| Maximum Frequency | TT tT 


Voc = Max. at minimum temperature. 
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Block Diagram 


ADDRESS/DATA 


8086, 8088 
(8284A& 
8288?) 


or 
80186. 80183 


ALE 


8086 System Block Diagram 


ADDAESS/DATA 


ENABLE 


74AS373 OR 
78F373 


oC 
AB 
A B 


te] 
O 
O 
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Mnemonic Description 


INPUT SIGNALS 
1) “CLOCK” 
“CS” 


“ALE” 
“RFI/O” 


“CLOCK” 


“DELAYREAD” 


Inverted clock from 8284A or 8288. 
“CLOCK” should be delayed from 
CLOCK (pin 5). 

From decoder chip (chip select) 
(active low). 

From 8086 (active high). 

RFRQ (refresh request) in mode 5. 
From 84094, an active low signal. 
The non-inverted clock directly 
from the 8284A. This signal should 
be unbuffered to this input so as 
not to incur any extra delay in the 
RASIN generation time. 

This input signal allows the user to 
delay when the RASIN signal be- 
comes valid to the DP8409A during 
a READ cycle of the 8086. This in- 
put should be low when using the 
DP8409A unless an external delay 
line is used to guarantee a 30 ns 
CS to RASIN delay (for DP8409A 
or 15 ns for DP8419) or if the user 
can afford to disable the hidden re- 
fresh by permanently tying CS low 
on the DP8409A. 


7) 


OP8409A/ 
8419/8429 


“WAITWRITE” 


“DT/R” 
or 
"S1 a” 


All 1C’s Decoupled 
*Series damping resistors 
*1 Tie unused address lines to Voc 


BANK 0 
MEMORY 


MEMORY 


TL/F/8399-2 


This signal is used to delay when 
RASIN becomes valid during an 
8086 WRITE cycle and also adds a 
WAIT state into a CS WRITE ac- 
cess cycle. One may want to delay 
when RASIN becomes valid during 
a WRITE cycle when generating a 
parity bit for each byte. This would 
allow time to generate parity and 
be assured that the data and parity 
bit were both written to memory. 
Used to differentiate between 
READ and WRITE cycles, and to 
allow CS READ cycles to start ear- 
ly. If the system is not a minimum 
mode 8086 or 8088 system then 
the status signal “S1” should be 
used instead of “‘DT/R” so that the 
DP84432 knows’ immediately 
whether the CPU is doing a READ 
or a WRITE access cycle. 
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Mnemonic Description (Continued) 


9) “WAITREAD” Used to insert 1 wait state into the 
8086 READ bus cycle. The wait 
state following bus cycle “T3” al- 
lows the use of memory with longer 
access times (tcac). An active low 
signal. 

This input enables the outputs of 
the “D-Flip Flop” outputs of the 
PAL. 


OUTPUTS SIGNALS 
1) “MODE” This pin goes to M2 on the 
DP8409A to change from mode 5 
to mode 1 (only used for forced 
refresh). 

Delay used internal to the PAL. 
Delay used internal to the PAL. 
Delay used internal to the PAL. 
To the 8409A (creates RAS’s). 
To the 8284A or 8288 to insert 
wait states into the 8086 bus cy- 
cles (active low). 

This signal is used in the Figure 7 
PAL to detect that an access cy- 
cle was started during a DRAM re- 
fresh cycle. This allows the PAL 
to determine, later in the cycle, 
whether to restart the “INCYCLE”’ 
signal or not. If the CPU is not ac- 
cessing the DRAM, as determined 
by “CS” being low, then “INCY- 
CLE” is not restarted. 

This signal goes active from the 
CPU ALE signal. This signal indi- 
cates that the processor is doing 
an access somewhere in the sys- 
tem. This signal stays low for sev- 
eral T states of the access cycle. 


“4DLY” 
“RASIN” 
“RDY1 ” 


“INCYCLE 
REFRESH” 


Functional Description 


The following description applies to both the DP8409A and 
the DP8419 dynamic RAM controllers. 


A memory cycle starts when chip select (CS) and address 
latch enable (ALE) are true. RASIN is supplied from the 
DP84432 to the DP8409A dynamic RAM controller, which 
then supplies a RAS signal to the selected dynamic RAM 
bank. After the necessary row address hold time, the 
DP8409A switches the address outputs to the column ad- 
dress. The DP8409A then supplies the required CAS signal 
to the DRAM. In order to do byte operations it is suggested 
that the user provide external logic, as shown in the system 
block diagram, to produce a HIGH WRITE ENABLE or a 
LOW WRITE ENABLE. To differentiate between a READ 
and a WRITE, the DT/R (or status signal “S71” in a maxi- 
mum mode 8086 or 8088 system or in a 80186, 8188 sys- 
tem) signal from the CPU is inverted and also supplied to 
the external WRITE ENABLE logic. 


A refresh cycle is started by one of two conditions. The 
refresh cycle caused by the first condition is called a hidden 
refresh. This occurs when refresh clock (RFCK) is high, CS 
is not true, and RASIN goes true. Here the CPU is accessing 
something else in the system and the DRAM can be re- 
freshed at that time, thereby being transparent to the CPU. 
The second type of refresh is called forced refresh. This 
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occurs if no hidden refresh was performed while RFCK was 
high. When RFCK transitions low a refresh request (RFRQ) 
is generated. If there is nota DRAM access in progress the 
DP84432 will force a refresh by putting the DP8409A into 
mode 1 (automatic forced refresh mode). !f the CPU tries to 
access the DRAM during a forced refresh cycle WAIT states 
will be inserted into its cycles until the forced refresh is over 
and the DRAM RAS precharge time has been met. Then the 
pending DRAM access will be allowed to take place. 


The DP84432 also allows forced refreshes to take place 
during long accesses of other devices. For instance, if 
EEPROM takes several microseconds to write to, the 
DRAM will still be refreshed while that access is in progress. 


In a standard memory cycle, the access can be slowed 
down by one clock cycle to accommodate slower memories 
or allow time to generate parity. This is accomplished by 
inserting a WAIT state into the processor access cycle. The 
DP84432 can insert WAIT states into either READ or 
WRITE cycles, or both. The extra WAIT state will not appear 
during the hidden refresh cycle, so faster devices on the 
CPU bus will not be affected. 


SYSTEM INTERFACE DESCRIPTION 


The 80186 or 80188 will be able to use the DP84432 but it 
will be necessary to invert “ALE” of the 80186 or 80188 and 
logically NOR it with the “CLOCK” signal. This fix makes the 
80186 or 80188 “ALE” signal appear to be similar to the 
8086 or 8088 “ALE” signal. The 8088 will be able to use 
this PAL, but the 8088 will not need the logic necessary to 
produce LWE, HWE. The 80286 can not use this PAL be- 
cause it’s WAIT state logic is different. (See DP84532 data 
sheet). 


The DP84432 differentiates between READ and WRITE cy- 
cles, allowing the RASIN signal to start earlier during a 
READ cycle compared to a WRITE cycle. 


RASIN during a READ cycle can start during T1 or T2 of a 
processor cycle depending on whether the DELAYREAD in- 
put is set low or high. If DELAYREAD is false the user will 
need to use an external delay line to guarantee that CS will 
be valid a minimum of 30 ns before RASIN becomes true. If 
the user is willing to give up hidden refreshes (CS tied per- 
manently low on DP8409A) he must only guarantee that the 
addresses are valid at the inputs of the DP8409A by a mini- 
mum of 10 ns before RASIN becomes valid. 


This section of the data sheet goes through the calculation 
of the “tRAC” (RAS access time) and “tCAC” (CAS access 
time) required by the DRAM for the iAPX 86/88/186/188 
family CPUs to operate at a particular clock frequency with- 
out introducing wait states into the processor access cycles. 
Both “tRAC” and “tCAC” must be considered in determin- 
ing what speed DRAM can be used in a particular system 
design. The DRAM chosen must meet both the “tRAC” and 
“tCAC” parameters calculated. In order to determine the 
“tRAC” and “tCAC” needed the DP8419 and fast PALs 
(“B” type PALs) timing parameters were used. If the user is 
using the DP8408A/09A or a slower PAL device he should 
substitute their respective delays into the equations below. 


Most all of the calculations contained in this note use 
“RAHS” = 1 (15 ns guaranteed minimum row address hold 
time). Calculations only used “RAHS” = 0 (25 ns guaran- 
teed minimum row address hold time) when the calculated 
access time from RAS exceeded 200 ns. This is because 
DRAMs can be found with row access times up to 150 ns 
that require only 15 ns row address hold times. 





Functional Description (Continued) 
EXAMPLE DRAM TIMING CALCULATIONS 
A) IAPX 86/88 8 MHz , No WAIT states, ‘“/DLYRD” = 
low 
#1) RASIN low=1 system clock period+ 15 ns (“B” PAL 
combinational output delay) = 125+ 15=140 ns maxi- 
mum 
#2) RASIN to RAS low=20 ns maximum 
#3) RASIN to CAS low=80 ns (DP8419 RASIN—CAS 
low)—3 ns (load of 72 DRAMs instead of 88 DRAMs 
speced in data sheet)=77 ns maximum (using 15 ns 
minimum row address hold time) 
#4) 74F245 transceiver delay=7 ns maximum 
#5) CPU data setup time to “T4”=20 ns minimum 
“taac” =T1+7T2+T3— #1—#2—-—#4— #5 
= 125+ 125+ 125—140—20—7—-20=188 ns 
“toa” =1T1+T2+T3—- #1— #3-— #4-—#5 
= 125+ 125+ 125—-140—-—77—-—7—-20=131 ns 
Therefore the DRAM chosen should have a ‘“‘taac” less 
then or equal to 188 ns and a “tcac”’ less then or equal to 
131 ns. Standard 150 ns DRAMs meet this criteria. 
The minimum RAS PRECHARGE TIME will be approximate- 
ly two clock periods = 125+ 125= 250 ns. 
The minimum CAS PRECHARGE TIME will be approximate- 
ly two clock periods plus 50 ns (minimum taici-traicH for the 
DP8409-2) = 125+ 125+ 50=300 ns. 
The minimum RAS PULSE WIDTH will be approximately two 
clock periods—5 ns (tappr-tappy for the DP8409-2) 
= 125+ 125—5=245 ns. 
The minimum CAS PULSE WIDTH will be approximately two 
clock periods —70 ns (maximum trici-tricH for the 
DP8409-2) = 125 + 125 —70= 180 ns. 
The above times are assuming the use of the DP8409-2 and 
a fast (‘A” part) PAL. The smallest pulse widths are gener- 
ated during WRITE cycles since RASIN during WRITE cy- 
cles starts later than RASIN during READ cycles. 


B) 80186, 8 MHz, “DLYRD” = HIGH, No Hidden Refresh 
(CS = Low), No Wait States 

Minimum RASIN=55 ns (min clk low)+1 ns (min PAL 
delay) = 68 ns 

Maximum Address Valid=44 ns (ADD valid max)+8 ns 
(74F373) =52 ns 


#1) RASIN low=Maximum clock high+15 ns (“B” PAL 
combinational output delay)=70+15=85 ns maxi- 
mum 


#2) RASIN to RAS low=20 ns maximum 


#3) RASIN to CAS low=97 ns (DP8419 RASIN—CAS 
low) -3 ns (load of 72 DRAMs instead of 88 DRAMs 
speced in data sheet)=94 ns maximum (using 25 ns 
minimum row address hold time) 


#4) 74F245 Transceiver delay=7 ns maximum 
#5) CPU data setup time to “T4”=20 ns minimum 
“tpac” =71+T2+T3— #1—#2— #4—#5 

=125+ 125+ 125—-85—20—7—20=243 ns 
“toac” =T1+T2+T3— #1—#3— #4— #5 

= 125+ 125+ 125—85—-94—-7—20=169 ns 


Therefore the DRAM chosen should have a “trac” less 
then or equal to 243 ns and a “tcac’”’ less then or equal to 
169 ns. Standard 200 ns DRAMs meet this criteria. 
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The minimum RAS PRECHARGE TIME will be approximate- 
ly one clock period +55 ns (minimum clock low)—15 ns 
(maximum DP84432 clocked output delay for ending 
RASIN) = 125 +55—15= 165 ns. 

The minimum CAS PRECHARGE TIME will be approximate- 
ly one clock period+55 ns (minimum clock low)—15 ns 
(maximum clocked output delay for ending RASIN)+35 ns 
(minimum _ trict-tricH ~=s for:~=—s the 390 DP8409-2)=125 
+55—15+35=200 ns. 

The minimum RAS PULSE WIDTH will be approximately two 
clock periods—5 ns (tRppi-tRappH for the DP8409-2) 
= 125+ 125—5=245 ns. 

The minimum CAS PULSE WIDTH will be approximately two 
clock periods-70 ns (maximum trici-trRicH for the 
DP8409-2) = 125+ 125—70= 180 ns. 


C) 8086, 8 MHz, CS Tied Low (no hidden refresh), 
DLYRD = HIGH, No Delay Line Needed, No Wait States 
Minimum RASIN=69 ns (min clk low)+13 ns (min PAL 
delay) = 82 ns 

Maximum Address Valid=60 ns (ADD valid max)+8 ns 

(74F373) = 68 ns 

The address must be valid a minimum of 10 ns before 

RASIN goes valid at the inputs of the DP8409A or DP8419, 

which it will be given the ICs used in this example. 

#1) RASIN low=Maximum clock high+15 ns (“B” PAL 
combinational output delay)=82+15=97 ns maxi- 
mum 

#2) RASIN to RAS low= 20 ns maximum 

#3) RASIN to CAS low=97 ns (DP8419 RASIN — CAS 
low)—3 ns (load of 72 DRAMs instead of 88 DRAMs 
speced in data sheet) =94 ns maximum (using 25 ns 
minimum row address hold time) 

#4) 74F245 Transceiver delay=7 ns maximum 

#5) CPU data setup time to “T4”=20 ns minimum 

“trac” =T1+T2+T3— #1—#2—#4—#5 

= 125+ 125+ 125—97—20—7-—20=231 ns 
“toac” =T1+T2+T3— #1—#3-#4—#5 
= 1254+ 125+ 125—-97-94—-7—20= 157 ns 

Therefore the DRAM chosen should have a “‘taac”’ less 

then or equal to 231 ns and a “‘tcac”’ less then or equal to 

157 ns. Standard 200 ns DRAMs meet this criteria. 

The minimum RAS PRECHARGE TIME will be approximate- 

ly one clock period+69 ns (minimum clock low)+ 15 ns 

(maximum DP84432 clocked output delay for ending 

RASIN)= 125+ 69—15=179 ns. 

The minimum CAS PRECHARGE TIME will be approximate- 

ly one clock period+69 ns (minimum clock low)—15 ns 

(maximum clocked output delay for ending RASIN)+35 ns 

(minimum —_trict-tRicH ~=s for)~=—s the: =3=9—9 DP8409-2)=125 

+69-—15+35=214 ns. 

The minimum RAS PULSE WIDTH will be approximately two 

clock periods—5 ns (tRpp.-tRppH for the DP8409-2) 

= 125+ 125—5=245 ns. 

The minimum CAS PULSE WIDTH will be approximately two 

clock periods—70 ns (maximum trict-tRicH for the 


























. DP8409-2) = 125+ 125—70= 180 ns. 
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DP84432 


Functional Description (Continued) 


D) 8086, 10 MHz, CS Tied Low (no hidden refresh), 
DLYRD = HIGH, No Delay Line Needed, No Wait States 
MINIMUM RASIN = 52 ns (min clk low) + 13 ns (min PAL 
delay) = 65 ns 

MAXIMUM ADDRESS VALID = 50 ns (ADD valid max) + 
8 ns (74F373) = 58 ns 


The address must be valid a minimum of 10 ns before 

RASIN goes valid at the inputs of the DP8409A or DP8419. 

As an example use two 74ALS04 inverters to guarantee a 

minimum delay of 4 ns, therefore MINIMUM RASIN = 69 ns 

#1) RASIN low = Maximum clock high + 15 ns (““B” PAL 
combinational output delay) = 61 + 15 = 76 ns maxi- 
mum 

#2) RASIN to RAS low = 20 ns maximum 

#3) RASIN to CAS low = 80 ns (DP8419 RASIN — CAS 
low) — 3 ns (load of 72 DRAMs instead of 88 DRAMs 
speced in data sheet) = 77 ns maximum (using 15 ns 
minimum row address hold time) 

#4) 74F245 Transceiver delay = 7 ns maximum 

#5) CPU data setup time to ‘‘T4” = 5 ns minimum 

“tpac’ =T1+T2+T3— #1— #2—#4— #5 








= 100+ 100+ 100—76—20—7—5=192 ns 
“tong” =T1+7T2+73— #1—#3—#4-45 
= 100+ 100+ 100—76—77—7—5=135 ns 


Therefore the DRAM chosen should have a “trac” less 
then or equal to 192 ns and a “tcac’”’ less then or equal to 
135 ns. Standard 150 ns DRAMs meet this criteria. 


The minimum RAS PRECHARGE TIME will be approximate- 
ly one clock period + 69 ns (minimum clock low) — 15 ns 
(maximum DP84432 clocked output delay for ending 
RASIN) = 125 + 69 — 15 = 179 ns. 


The minimum CAS PRECHARGE TIME will be approximate- 
ly one clock period + 69 ns (minimum clock low) — 15 ns 
(maximum clocked output delay for ending RASIN) + 35 ns 
(minimum trict-taicn for the DP8409-2) = 125 + 69 — 15 
+ 35 = 214ns. 

The minimum RAS PULSE WIDTH will be approximately two 
clock periods — 5 ns (tRpp_-tappH for the DP8409-2) = 
125 + 125 — 5 = 245 ns. 

The minimum CAS PULSE WIDTH will be approximately two 
clock periods — 70 ns (maximum trict-tricH for the 
DP8409-2) = 125 + 125 — 70 = 180 ns. 


SUGGESTIONS 

It is suggested that the DP8409A is to be used up to 8 MHz. 

Above 8 MHz one should use the DP8409-2 or the DP8419. 

Also fast PALs (‘‘A” parts) should be used at 8 MHz and 

above. If very fast PALs are used (‘‘B” parts) the access will 

be 10 ns faster than calculated in the above sections. 

These suggestions occur because of DRAM parameters 

that must be met, such as: 

1) CAS ACCESS TIME—time from CAS valid until data is 
available at the DRAM outputs. 

2) RAS PRECHARGE TIME—minimum amount of time from 
RAS high until RAS transitions low again. 
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3) CAS PRECHARGE TIME—minimum amount of time from 
CAS high until CAS transitions low again. 


4) RAS PULSE WiDTH—minimum RAS valid time during an 
access, this usually occurs during a WRITE operation 
since RASIN is generated later then in a READ operation. 


5) CAS PULSE WIDTH—minimum CAS valid time during an 
access. 


6) DATA IN SETUP TIME—the data, during a DRAM WRITE 
access cycle, must be valid at the DRAM inputs when 
WRITE ENABLE or CAS transitions low, whichever oc- 
currs last. 


For instance, during a WRITE operation, one does not want 
CAS to go valid until the data to be written is setup at the 
inputs to the dynamic RAM. Therefore an 8086 running at 
5 MHz should use a DP8409A and a slower DP84432 PAL. 


EXAMPLE: 8086, 5 MHz, DP8409A, DP84432 (fast PAL ‘‘A” 
part) 

MINIMUM RASIN = 3 ns (min clk inversion) + 7 ns (min 
fast PAL clocked output) + 13 ns (min combinational fast 
PAL output) = 23 ns into the T2 CPU cycle. 


MINIMUM CAS = MINIMUM RASIN + MINIMUM RASIN 
TO CAS TIME = 23 + 95 = 118ns 


MINIMUM DATA VALID during an 8086 WRITE at 5 MHz = 
110 ns 


MINIMUM DATA VALID at DRAM input = MINIMUM DATA 
VALID + MINIMUM TRANSCEIVER DELAY (74F245) = 
110 + 7= 117 ns 


Therefore, worst case, the data could be valid 1 ns before 
CAS becomes valid at the DRAM inputs. Most DRAMs 
specify 0 ns setup time so this is OK, but if the DP8409A is 
driving less then the full load specified in the data sheet 
CAS could become valid before the data was available at 
the DRAM inputs. Therefore the user may want to use a 
slower PAL or adjust the PAL equations to start the WRITE 
later in the access cycle. For example, the second equation 
in the RASIN term could be adjusted as follows to accom- 
plish a later RASIN during WRITE cycles: 














“CS+*INCY*MODE+2D*WAITWR+CLK” 
At higher frequencies one generally wants to generate 
WRITE as the DP84432 does in order to guarantee that the 
CAS pulse width is great enough. 


INTERPRETING THE DP84432 PAL EQUATIONS 


The boolean equations for the DP84432 were written using 
the standard PALASM™ format. In other words the equa- 
tion: 

“IF (VCC) RASIN = INCY+*MODE+4D«DT” will mean; 


The output “‘RASIN” (see pin list for DP84432) will be active 
low (inverted RASIN) when the output “INCY” is low (mak- 
ing INCY high) AND the output “MODE” is high AND the 
output “4D” is low (making 4D high) AND the input 
DT/R is low (making DT/R high). 





PAL Boolean Equations 


PALL6R4A ;FAST PAL 
NEW PAL FOR INTEL PROCESSORS 8086, 8088, 80186, 80188 
NATIONAL SEMICONDUCTOR (WORKS UP TO 10 MHz) 


ceppsdd 


CK CS RF1O ALE CLK DLYRD WAITWR DT WAITRD GND OE 


IF (VCC) RASIN = 
INCY*MODE*4D*DT*DLYRD*CLK+ ;Start RASIN, early READ 
CS*INCY*MODE*2D*WAITWR+ ;Start RASIN, early WRITE 

sStart READ 
CS*INCY*MODE*2D*DT*WAILTWR*CLK+ sLate WRITE 
CS*INCY*MODE*2D+ ;Hidden RFSH 
RASIN* INCY*ALE*MODE*3D*4D+ sContinue RASIN 
RASIN*MODE*2D sContinue RASIN 


IF (VCC) INCYRF = ALE*MODE+ ;Start INCYCLE in REFRESH 
INCYRF*MODE+ sContinue INCY in REFRESH 
INCYRF*4D*CLK sContinue INCY in REFRESH 


MODE := RF1O*INCY*2D+ ;Forced RFSH at beginning 


; of a cycle, during IDLE 
MODE*3D+ 3; states, or during long 
MODE*4D s accesses of other devices 


2D := MODE*4D+ 
INCY*MODE*4D+ 
CS*DI*WAITRD* INCY*MODE*2D*3D*4D+ sExtend for "CS READ® cycle 
CS*DT*WAITWR*INCY*MODE*2D*3D*4D sExtend for "CS WRITE" cycle 


3D 2D*4D 


4D 3D+ 
INCY*MODE+ 
INCY*MODE*2D 


(VCC) INCY = ALE*MODE+ ;Start INCY for access 
INCY*INCYRF*MODE*3D*4D+ ;Continue INCY during access 
INCY*MODE*2D+ sEnd INCY during access 
CS*INCYRF*MODE*2D*3D*4D+ ;Start INCY after REFRESH 
CS*INCY*MODE*3D*4D*RDY sContinue INCY after REFRESH 


(CS) RDY = CS*INCYRF*2D*3D*4D+ sAccess at end of RFSH cycle 
CS*RDY*MODE*2D*3D*4D+ ;Continue RDY after RFSH 
CS*MODE+ sContinue RDY after RFSH 
CS*DT*WAITRD*INCY*MODE*2D*3D*4D+ ;WAIT for "CS READ" 
CS*DT*WAITWR* INCY*MODE*2D*3D*4D ;WAIT for "CS WRITE" 





FIGURE 1. Equations for the DP84432 Standard Interface PAL (Works in Minimum or Maximum Mode) | 
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DP84432 


System Timing Diagrams 
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System Timing Diagrams (Continued) 
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DP84432 


System Timing Diagrams (Continued) 
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TL/F/8399-6 


System Timing Diagrams (Continuea) 
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DP84432 


System Timing Diagrams (Continueg) 
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System Timing Diagrams (Continued) 
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DP84512 


National 
Semiconductor 
Corporation 


PRELIMINARY 


DP84512 Dynamic RAM Controller Interface Circuit for 


the NS32332 


General Description 


This is a PAL (Programmable Array Logic) device designed 
to allow an easy interface between the National Semicon- 
ductor NS32332 microprocessor and the National Semicon- 
ductor DP8417/18/19/28/29 dynamic RAM controller. 
This PAL supplies all the control signals needed to perform 
memory read, burst read, write, and refresh operations up to 
a frequency of 15 MHz. 


Features 

m@ Provides a 3-chip solution for the NS32332/DP8418 (or 
DP8428) dynamic RAM interface (1 PAL, DP8418 and 
clock divider) 

u Works with all speed versions of the NS32332 up to 
15 MHz 


m Allows operation of NS32332 at 12 MHz with no WAIT 
states with standard 120 ns 256k or 1M DRAMs 

m Controls DP8417/18/19/28/29 mode 5 accesses and 
mode 0 forced refreshes automatically 

m Allows READ accesses in burst mode 

u CPU WAIT states are automatically inserted during con- 
tention between DRAM accesses and DRAM refreshes 

m Uses standard National Semiconductor PALs (i.e., 
DMPAL16R4A, the user may want to use faster 
versions of these PALs at higher CPU operating 
frequencies) 

m The PAL programming equations are provided with 
comments for easy user modification to his specific 
requirements 
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National 
Semiconductor 
Corporation 


PRELIMINARY 


DP84522 Dynamic RAM Controller Interface Circuit 


for the 68020 CPU 


General Description 


This is a Programmable Array Logic (PAL®) device de- 
signed to allow an easy interface between the 68020 micro- 
processor and the National Semiconductor DP8417, 
DP8418, DP8419, DP8428 or DP8429 dynamic memory 
controllers. 


This PAL supplies all the control signals needed to perform 
memory read, write, and refresh operations up to a frequen- 
cy of 16.7 MHz. 


Features 

m Provides a 3 or 4 chip solution for the 68020/DP8418 
(or DP8428) dynamic RAM interface (1 or 2 PALs, 
DP8418, and clock divider) 
Works with all speed versions of the 68020 up to 
16.7 MHz 
Allows operation of 68020 at 12.5 MHz with 1 WAIT 
state with standard 120 ns 256k DRAMs 
Controls DP8418/28 mode 5 accesses and mode 1 or 
0 forced refreshes automatically 
Allows memory interleaving if desired 
CPU WAIT states are automatically inserted during con- 
tention between memory interleaving/DRAM accesses/ 
DRAM refreshes 
Uses standard National Semiconductor PALs (i.e., 
DMPAL16R4A; the user may want to use faster ver- 
sions of these PALs at higher CPU operating frequen- 
cies) 

m The PAL programming equations are provided with 
comments for easy user modification to his specific re- 
quirements 


Functional Description 


The following description applies only to the DP8418 or 
DP8428 since “RFI/O” going !ow initiates a mode 0 exter- 
nally controlled forced refresh. This forced refresh resets 
the internal refresh request logic on the DP8418 or DP8428, 
but will not reset the interna! logic on the DP8409A. 


A memory cycle starts when chip select (CS) and the ad- 
dress strobe (AS) become true. RASIN is supplied from the 
PALs to the DP8418 DRAM controller, which then supplies 
RAS to the selected RAS bank. After the necessary row 
address hold time, the DP8418 switches the address out- 
puts to the column address. The DP8418 then supplies the 
required CAS signal to the DRAM. 


The first PAL (PAL #1) supports byte operations by produc- 
ing four WRITE enables, one for each possible byte of the 
32 bit word (upper, upper middle, lower middle, and lower 
write enable). These WRITE enables are produced external- 
ly from the 68020 “DATA STROBE” and “READ/WRITE” 


outputs. Since it is possible that all WRITE cycles may be 
LATE WRITE cycles (“WRITE ENABLE” occurring after 
“COLUMN ADDRESS STROBE”) memory buffers should 
be used instead of transceivers to separate the data in from 
the data out of the DRAMs. 


The second PAL (PAL #2) supports byte operations by pro- 
ducing four COLUMN ADDRESS STROBES, one for each 
of the possible bytes of the 32-bit word. This PAL terminates 
the DP8418 “RASIN” input early but holds the DRAM data 
valid by latching the byte “CAS’s” externally. This method 
of supporting byte writes allows transceivers to be used, or 
to directly connect the DRAM data in and data out pins to 
the 68020 data bus I/O pins. 


Hidden REFRESH cycles are not allowed in this set of PALs 
because of the need for adequate RAS precharge times in 
all circumstances and the desire not to be inserting WAIT 
states into access cycles of other system elements. 


These PALs perform externally controlled forced refreshes 
automatically (mode 0). A refresh cycle occurs when the 
DP8418 input RFCK transitions low and the RFIO signal 
goes low requesting a refresh cycle. The PAL responds by 
pulling RFSH low (M2 and MO) if there are no current DRAM 
accesses in progress. If a DRAM access is in progress the 
PAL waits until the current access is completed before per- 
forming the forced refresh cycle. If an access is requested 
during the forced refresh cycle WAIT states are automatical- 
ly inserted into the access cycle until the refresh cycle is 
completed and adequate RAS precharge has been com- 
pleted. The pending DRAM access cycle is then performed. 
The input signal ‘‘NOWAIT” allows one to vary the amount 
of time required to do a refresh (see the description of the 
“NOWAIT” input in the pin description section). In one of 
the timing diagrams the “RFSH” output was tied to the 
“NOWAIT” input to decrease the length of the refresh cycle 
but still insert one wait state in normal DRAM access cycles 
(see Figure 5). 

The first PAL (PAL #1) supports memory interleaving to 
guarantee adequate RAS precharge time during two con- 
secutive accesses to the same DRAM bank. This is per- 
formed by looking at the lower address bit or bits, A2 and/or 
A3. If the processor is sequentially accessing the DRAM 
each RAS output will have plenty of precharge time. But if 
the system tries to access the same bank twice in a row the 
access will be delayed until adequate RAS precharge time 
has been met. During this time WAIT states will automatical- 
ly be inserted into the pending access cycle. 


The second PAL (PAL #2) guarantees adequate RAS pre- 
charge time (one and one half system clock periods) by 
ending the DP8418 “RASIN” input early. The DRAM data is 
held valid by externally latching the DRAM “CAS” input as 
explained earlier. This has the additional benefit of sim- 
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DP84522 


Functional Description (continued) 


plifying the memory interface of the 68020 by eliminating 
the external components needed for interleaving, though as 
one approaches 16.7 MHz the interleaving circuitry may 
again become necessary to guarantee adequate “RAS” 
precharge time. 


For PAL #1 an external “D type” flip-flop or another PAL 
could be used for the support of memory interleaving. If one 
is not using memory interleaving (10 MHz or below) the 
“PREVO” input can be used for some other function and 
the equations of ‘‘RASIN” that employ “PREVO” can be 
adjusted. 


The PAL equations for this interface are written in the Na- 
tional Semiconductor PLANT format, which differs from the 
standard PALASM™ format. 
EXAMPLE: PLAN FORMAT 

/RASIN := RFSH*/2D*/AS 
This translates as, “RASIN” is low after the rising edge of 
the input clock given that “RFSH” was high and “2D” was 
low and “AS” was low a setup time before the clock tran- 
sitions high (here RASIN, 2D, and RFSH are outputs of the 
PAL and AS is an input). 
EXAMPLE: PALASM FORMAT 

/RASIN := /RFSH*2D*AS 
The above expression means the same as the PLAN format 
expression except it is written in PALASM format. In other 
words; “RASIN” will go low after the rising edge of the clock 
given that ‘RFSH” was high, ‘‘2D” was low, and “AS” was 
low a setup time before the clock transitions high (here 
RASIN, 2D, and RFSH are outputs of the PAL and AS is an 
input). 
Depending on the specific type of PALs and logic used the 
user can calculate the speed requirements for the DRAM at 
the specified processor frequency as follows: 


CALCULATION OF DRAM “trac” RAS ACCESS TIME 

AND “tcac’” CAS ACCESS TIME REQUIRED FOR A 

12.5 MHz 68020, 1 WAIT STATE, MICROPROCESSOR 

SYSTEM 

#1) RASIN generation time = “SO” + “S1” + 1 combina- 
tional output delay of the PAL generating the “RASIN” 
output (assume DMPAL16R4B) = 80 ns + 15 ns = 
95 ns maximum 

#2) RASIN to RAS out delay of the DP8418 = 20 ns maxi- 
mum (used to determine “trac’) 

#3) RASIN to CAS out delay of the DP8418 DRAM contol- 
ler driving a load of 2 banks of 256k DRAMs, each 
bank containing 36 (82 DRAMs plus byte parity) = 72 
DRAMs 
Since this is under the specified load in the data sheet 
(approximately 88 DRAMs) approximately 3 ns can be 
subtracted from the data sheet number, giving 80 ns — 
3 ns = 77 ns maximum (used to determine “tcoac”’) 

#4) 74AS244 buffer delay = 7 ns maximum 


#5) Data setup time required from the falling edge of ‘‘S4” 
clock = 10 ns maximum 


A normal 12.5 MHz 68020 access cycle (with 1 WAIT state 


. inserted) contains 4 clock periods of 80 ns per period. 


The required DRAM “trac” (row access time) can be calcu- 
lated from 


So + Si + S2 + $3 + SW1 + SW2 + S4 
(minimum 1/2 period) — #1 — #2 — #4 — #5 
= 40 + 40 + 40 + 40 + 40 + 40 + 35 
— 95 — 20 —7-— 10 = 143 ns 
The required DRAM ‘“‘tcac” (column access time) can be 
calculated from 


SO + Si + S2 + S3 + SW1 + SW2 + S4 

(minimum 1/2 period) — #1 — #3 — #4 — #5 

= 40 + 40 + 40 + 40 + 40 + 40 + 35 

-— 95 — 77 — 7 — 10 = 86ns 
The DRAMs selected for this system must satisfy both the 
“trac and tcac” requirements. Therefore the DRAMs must 
have a “trac” (row access time) less then or equal to 
143 ns and a “tcac” (column access time) less than or 
equal to 86 ns to be used in this system, under worst case 
conditions, for a 1 WAIT state 12.5 MHz 68020 system. 
Common 120 ns 64k or 256k DRAMs meet this specifica- 
tion. If one is using PAL #2, producing external “‘CAS’s” 
and not using any external transceivers he could possibly 
use 150 ns DRAMs in the above example. 
If one is using PAL #2, the calculated “trac” and “tcac” 
may differ from the actual system values, depending upon 
the external circuitry used to produce the byte “CAS’s”. The 
DP8418 “RASIN-CAS” low will be approximately 10-15 ns 
less than the value given in the data sheet because of the 
small loading on the DP8418 “CAS” output. The external 
circuitry needed to produce the byte “CAS’s” should be 
loaded such that the column address (from DP8418) is valid 
when “CAS” goes low. For this reason “RASIN-byte CAS” 
may be longer than the value used in the “‘trac, tcac” cal- 
culations, and therefore may give a smaller “trac, tcac” 
than was calculated. 


68020 PAL Inputs and Outputs 
(Pin number of the PAL on the left) 

PAL #1 Inputs 
1) “CK” 

2) “AS” 

3) “RFRQ” 


This is the system clock. 

Address strobe from 68020. 

This is the refresh request from the 
DP8418. 

This is the chip select (see system block 
diagram). 

5) “R” READ/WRITE output pin from the 68020. 
6) “CLK” The system clock. 

7) “PREVO” This output holds the previously ac- 
cessed DRAM “RAS” bank. 


This input is the address bit “A2” and is 
used to determine which “RAS” bank the 
system is accessing. 

This PAL always inserts one WAIT state 
into every 68020 access cycle. This input, 


4) “CS” 


8) “BO” 


9) “NOWAIT” 








68020 PAL Inputs and Outputs (Continued) 


1 1) “OE” 
PAL #1 Outputs 
19) “XDLY” 


18) “RASIN” 


if low, allows the DRAM to be accessed 
with no wait states inserted into the ac- 
cess cycle. This input also, if low during 
a refresh, shortens the length of the re- 
fresh cycle by one clock period. This 
causes the RAS pulse width (during a 
refresh) and the RAS precharge time 
(after a refresh) to be shorter. 


This input enables the PAL outputs. 


This signal is used to guarantee one pe- 
riod of “RFSH” high to “RASIN” low 
time and to guarantee two periods of 
RAS precharge time in consecutive ac- 
cesses to the same DRAM bank. 


This signal causes RAS (or RASs) to go 
low during a DRAM access or refresh. 
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17) “RFSH” 
16) “TDLY” 
15) “2DLY” 
14) “RFREQ” 


13) “RFREQCK” 





12) “DSACK” 


This signal initiates a DRAM Refresh. 
A delay that is used internally. 
A delay that is used internally. 


Refresh request (from the DP8418) syn- 
chronized to the system clock. 


This input synchronizes “RFREQ” to 
the falling edge of the input system 
clock “CLK” and is used in arbitrating 
between refreshes and accesses (see 
“RASIN” equations). 


This output goes to the 68020 
“DSACKO, 1” data acknowledge input. 
This output allows WAIT states to be in- 
serted into DRAM access cycles during 
access/refresh/RAS precharge con- 
tention. 
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Interface PAL #1 Boolean Equations 


This PAL will work up to 16.7 MHz with the 68020. This PAL uses mode 0 (M0=M1=M2= low) for doing externally controlled 
forced refreshes, guaranteeing more than 2.5 periods of RGCK RAS pulse width (“NOWAIT” = high). If “NOWAIT” is low the 
refresh is shortened by one clock period. This PAL will only work with the DP8417/18/19/28/29 since it uses mode 0 to reset 
the RFSH request (RFIO) signal. 

DMPAL16R4A 

CK AS RFRQ CS R CLK PREVO BO /NOWAIT GND 

JOE /DSACK /RFREQCK /RFREQ /2DLY /1DLY /RFSH /RASIN /XDLY VCC 


IF (VCC) /XDLY = RFSH*/2DLY*RASIN*PREVO*BO sSame bank interleave 
+RFSH* /2DLY*RASIN* /PREVO* /BO 3Same bank interleave 
+/RFSH*LDLY* /2DLY* /RASIN*NOWAIT* /CLK 3s"/XDLY" low during RFSH 
+/RFSH* LDLY*2DLY*RASIN*RFREQ* /NOWAIT 3"/XDLY" low during RFSH 
+/XDLY* /RFSH*RFREQ sHold "/XDLY" low 
+/XDLY*RASIN* /AS*CLK sHold "/XDLY" low 

IF (VCC) /RASIN = /RFSH*RFREQ*/1DLY sRFSH "/RASIN" 

+/RASIN* /RFSH* /2DLY*XDLY sHold "/RASIN® low 
+RFSH*RFREQCK* /AS* /CS*PREVO* /BO*CLK sStart "/RASIN" 
+RFSH*RFREQCK* /AS*/CS* /PREVO*BO*CLK sStart "/RASIN*" 
+RFSH*RFREQCK* /AS* /CS*2DLY*XDLY*CLK sAfter idle states 
+/RASIN*RFSH*/AS*/CS sHold "/RASIN" low 
+/RASIN*/CLK sHold "/RASIN" low 

IF (VCC) /RFREQCK = /RFREQ*/CLK sStart from falling clock 
+/RFREQCK* /RFREQ $ edge 

IF (VCC) /DSACK = /CS*RFSH*/RASIN*NOWAIT*/CLK ;0ne WAIT state 

+/DSACK* /CS*RFSH* /RASIN*/AS sHold "/DSACK" low 
+/CS*RFSH* /AS* /NOWAIT*XDLY sNo WAIT state in access 

/RFSH := /RFREQ*RASIN*/1LDLY* /2DLY sStart RFSH 
+/RFREQ*RASIN*1DLY ;Start RFSH 
+/RFSH* /RFREQ sHold RFSH low 
+/RFSH* /RASIN sHold RFSH low 
+/RFSH*/1LDLY sHold RFSH low 

/IDLY := /RFSH*2DLY* /RFREQ sStart "/1DLY" during RFSH 
+/RFSH* /1DLY*2DLY*XDLY sContinue "/1LDLY" during RFSH 
+RFSH*/RASIN sStart "/1DLY" during /RASIN 

/2DLY := /RFSH*/1DLY sStart "/2DLY" during RFSH 
+/RFSH*2DLY* /RFREQ* /NOWAIT ;Shorten RFSH 
+RFSH* /RASIN* /1DLY sStart "/2DLY" during /RASIN 
+RFSH* /RASIN* /NOWAIT sShorten access 

/RFREQ := /RFRQ sSynchronize to system clock 


3-68 





69-€ 


L# 1Wd 10} wesbe}q Wass 02089 "| SHNDIS 


b-68S8/4/L 









DATA 
0-31 


ADDRESS 0-31 


















68020 


AS 
DSACKO 
DSACK1 
R/W 





DS CLK 





CHIP SELECT DECODE 


BYTE DATA 
SELECT 

GENERATOR 
LOGIC 


O06, 
LMD, LLD 


DIVIDER 





FLIP FLOP 


DRIVERS 
(74AS240) 


WRITE BUFFERS 
74AS244 


READ BUFFERS 
74AS244 


Mi__ 
RASO, 1 
DP8409A/ 


18/28 RAS2, 3 
cs 


RO=7, 8,9 
C0-7,8,9 
BO, B1 


ADS a 
07, 8,9 
RASIN 

M2, MO = RFSH 

RFI/O 


WIN 
RGCK _ RFCK 


DRAM 
MEMORY 
8M BYTES 
2= BANKS 
EACH BANK 


USING 32-36 


DRAMS 


36 IF USING 
BYTE PARITY 






WRITE UUD 
WRITE UMD 
WRITE LMD 


WRITE LLD 


DATA DATA 
IN OUT 










(penunuoo) BZ /8LP8dC PUL OZ089 UBEMIEg |. # TWd 99k) 19}U| 


ccoSrs8dd 


DP84522 


Interface PAL # 1 Between 68020 and DP8418/28 (continued) 
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Interface PAL #1 System Timing Diagram 
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Interface PAL #1 System Timing Diagram (continued) 
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Interface PAL #1 System Timing Diagram (continued) 
REFRESH W/CS WRITE ACCESS REFRESH W/ NON CS 
PAL #1 
SPRATT 
wer AL | 
SCE 7 
neu ee eee cee est ce CEE = 


ADDRESS F>\Woon0;c0p C “Xoor a Ae 
(31:0) pai eas 
ut a 


(31:0) 


:SaTEEREUEREEOREC ES 
= AE ee 
RFSH TOE SAnnAae 
RASIN ase cE ae 
1DLY aes Fey ee Zz 
2DLY Pree caine 
ohh Ure allie 
INPUT a ——— Sosstes 
DSACK =| esa ni 
My tT eS rocco 


= ECEE EEC CEE 
Nowan 


TWw2 


oa is 
aaa 
me 





ACCESS WAIT STATE 
5 WAIT STATES MAX DURING REFRESH (WITH NOWAIT LOW) 

TL/F/8589-5 
FIGURE 5 


eeSh8dd 





DP84522 


Interface PAL #1 System Timing Diagram (Continued 


REFRESH W/ NON CS ACCESS THEN READ ACCESS NON CS 
cS cry ic NO WAIT STATES WRITE ACCESS 


FARRAR, 
ere 
on rotguere antares 


CLK 

INPUT ru 

nut 
“BIL eee ee 

al wf | * a a oes cra eealN d 


(00001002 —s/§-§§s KX =X 00123456 (o0050000 Ss) BBall yuuuuuuU 


(31:0) LAS ia 
es ces np A a es pe a a Berns 
(31 a |__ uy DATA) yuuy { DATA } (uuuu) (DATA) uuuu 


a as a 
ei 


RFRQ 
ia a 
RFSH mm | 


mageraaval viareee 
Th cor So Arr 
CO 


PREVO 

ma 

: avenew 
2 PCR 








_ ——— 

ire CoH 
ccs) qe 
NOWAIT 

INPUT 


FIGURE 6 


z 


TL/F/8589-6 


3-74 


Interface PAL #2 Boolean Equations 


This PAL is similar to PAL #1 but ends “RASIN” one half period earlier than PAL #1 and relies on the external generation of 
byte ‘CAS’s” to hold the data valid during 68020 READ access cycles. 


DMPAL16R4A 


CK /AS /RFRQ /CS R CLK NCl NC2 /NOWAIT GND 
JOE /DSACK /RFREQCK /RFREQ /2DLY /1DLY /RFSH /RASIN /XDLY VCC 


IF (VCC) /XDLY = RFSH*/2DLY*/AS 
+/RFSH*1DLY* /2DLY* /RASIN*NOWAIT* /CLK 
+/RFSH*1DLY*2DLY*RASIN*RFREQ* /NOWAIT 
+/RFSH* /XDLY*RFREQ 
+/XDLY*RASIN* /AS*CLK 


IF (VCC) /RASIN = /RFSH*RFREQ*/1DLY 
+/RFSH* /RASIN* /2DLY*XDLY 
+/RFSH* /RASIN* /CLK 
+RFSH*RFREQCK* /AS* /CS*XDLY*CLK 
+RFSH*RFREQCK* /AS* /CS*2DLY*XDLY*CLK 
+RFSH* /RASIN* /AS* /CS*XDLY 
+RFSH* /RASIN*CLK 


IF (VCC) /RFREQCK = /RFREQ*/CLK 
+/RFREQCK* /RFREQ 


IF (VCC) /DSACK = /CS*RFSH* /RASIN*NOWAIT* /CLK 


+/DSACK* /CS*RFSH* /RASIN*/AS 
+/CS*RFSH* /AS* /NOWAIT*XDLY 


/RFSH := /RFREQ*RASIN*/1DLY* /2DLY 
+/RFREQ*RASIN*LDLY 
+/RFSH* /RFREQ 
+/RFSH*/RASIN 
+/RFSH*/1DLY 


/DLY := /RFSH*2DLY* /RFREQ 


s*/XDLY" during access 
s"/XDLY" during RFSH 
s"/XDLY* during RFSH 
sHold "/XDLY" low 
sHold "/XDLY" low 


sRFSH "/RASIN® 
sHold in RFSH 
3Hold in RFSH 
sStart "/RASIN*® 
sAfter idle states 
sHold "/RASIN" low 
sHold "/RASIN" low 


sStart from falling clock 
$s edge 


sOne WAIT state 
sHold "/DSACK" low 
sNo WAIT state in access 


3;Start RFSH 
3Start RFSH 
sHold RFSH low 
sHold RFSH low 
3sHold RFSH low 


sStart "/1DLY" during RFSH 


+/RFSH* /1DLY*2DLY*XDLY 
+RFSH* /RASIN 


sContinue "/1DLY" during RFSH 
sStart "/1DLY" during /RASIN 


/2DLY := /RFSH*/1DLY 
+/RFSH*2DLY* /RFREQ* /NOWAIT 
+RFSH* /RASIN*/1DLY 
+RFSH* /RASIN* /NOWAIT 


;Start "/2DLY" during RFSH 
sshorten RFSH 

sStart "/2DLY" during /RASIN 
sShorten access 


/RFREQ := /RFRQ sSynchronize to system clock 
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Interface PAL #2 CAS Driver, Select Logic, and Latches 
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Interface PAL #2 68020 System Timing Diagram 
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Interface PAL #2 Between 68020 and DP8418 (continueg) 
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Interface PAL #2 Between 68020 and DP8418 (continued) 
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DP84532 Dynamic RAM Controller Interface 


Circuit for the iAPX 286 CPU 


General Description 


This is a Programmable Array Logic (PAL®) device de- 
signed to allow an easy interface between the 80286 micro- 
processor and the National Semiconductor DP8419/29 or 
DP8409A dynamic memory controllers. 

This PAL supplies all the contro! signals needed to perform 
memory read, write, and refresh operations up to a frequen- 
cy of 16 MHz. 


Features 

@ Provides a 3- or 4-chip solution for the 80286/DP8419 
(or DP8409A/29) dynamic RAM interface (1 or 2 PALs, 
DP8419, and clock divider) 
Works with all speed versions of the 80286 up to 
10 MHz 
Allows operation of 80286 at 8 MHz with no WAIT 
states with standard 120 ns 256k DRAMs 
Controls DP8409A/19 mode 5 accesses and mode 0 or 
1 forced refreshes automatically 
Allows memory interleaving if desired 
CPU WAIT states are automatically inserted during con- 
tention between memory interleaving/DRAM accesses/ 
DRAM refreshes 
Uses standard National Semiconductor PALs (i.e., 
DMPAL16R6A and DMPAL16R4A; the user may want 
to use faster versions of these PALs at higher CPU op- 
erating frequencies) 
The PAL programming equations are provided with 
comments for easy user modification to his specific re- 
quirements 


Functional Description 


The following description applies to both the DP8409A, 
DP8419 and DP8429. 


A memory cycle starts when chip select (CS) and the status 
(S0*S1) become true. RASIN is supplied from the PALs to 
the DP8419 DRAM controller, which then supplies RAS to 
the selected RAS bank. After the necessary row address 
hold time, the DP8419 switches the address outputs to the 
column address. The DP8419 then supplies the required 
CAS signal to the DRAM. In order to do byte operations a 
HIGH WRITE ENABLE and a LOW WRITE ENABLE are 
produced from PAL #2. All WRITE cycles are LATE WRITE 
cycles, to assure that valid data is written to the DRAMs. A 
WRITE strobe is produced by PAL #1 to assure enough 
WIN pulse width and to guarantee that valid data is latched 
into the DRAMs when writing to them. Memory buffers are 
used externally, to separate the data in from the data out of 
the DRAMs during LATE WRITE cycles. 


Hidden REFRESH cycles are not allowed in this set of PALs 
because of the need for adequate RAS precharge times in 
all circumstances and the desire not to be inserting WAIT 
states into access cycles of other system elements. 


These PALs perform automatic or externally controlled 
forced refreshes (mode 0 or 1). A refresh cycle occurs when 
the DP8419 input RFCK transitions low and the RFIO signal 
goes low requesting a refresh cycle. The PAL responds by 
pulling RFSH (M2, and/or MO depending on whether mode 
1 or 0 is desired) low if there are no current DRAM accesses 
in progress. If a DRAM access is in progress the PAL waits 
until the current access is completed before performing the 
forced refresh cycle. If an access is requested during the 
forced refresh cycle WAIT states are automatically inserted 
into the access cycle until the refresh cycle is completed 
and adequate RAS precharge has been completed. The 
pending DRAM access cycle is then performed. 


In order to guarantee adequate RAS precharge time during 
two consecutive accesses to the same DRAM bank, memo- 
ry interleaving is performed by looking at the two lower ad- 
dress bits, A1 and A2. If the processor is sequentially ac- 
cessing the DRAM, each RAS output will have plenty of 
precharge time. But if the system tries to access the same 
bank twice in a row the access will be delayed until ade- 
quate RAS precharge time has been met. During this time 
WAIT states will automatically be inserted into the pending 
access cycle. 


The 8 MHz 80286 has two “'T” states (‘T,” and “Tc’”), it is 
possible for these PALs to get one clock phase out of sync 
with the 80286 CPU during access cycles pending while 
performing a refresh cycle. The two 8 MHz “T” states of the 
CPU contain four 16 MHz clock periods (“CLK” output of 
82284 clock generator). This 2X clock is the clock the inter- 
face described herein uses. In other words, the PALs pro- 
duce a RASIN output that is low for three 16 MHz clock 
periods for the 8 MHz 80286. Since WAIT states insert two 
16 MHz clock periods and RASIN can start one clock period 
after RFSH transitions high, it is possible for RASIN to start 
one period early and go high one period before the access 
cycle ends, thus not holding the data valid during a READ 
access cycle long enough. To counteract this problem the 
term “ALE” is used in several of the PAL equations (RASIN, 
TDLY, and 2DLY) to sync the RASIN output to the access 
cycle. See the timing diagrams (Figure 6) and PAL equa- 
tions for some further insight into the potential problems. 
This synchronization could also have been done externally 
by holding CAS low until either MWTC or MRDC go high, 
thus holding the READ data valid until the access cycle is 
over. 


Two PALs were designed for this PAL interface. PAL #2 is 


- used mostly for the support of memory interleaving. If one is 


not using memory interleaving (6 MHz or below) PAL #2 
can be omitted and the PAL #1 “‘PRECH” input can be tied 
high. The high and low memory write strobes can be pro- 
duced externally. 
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Functional Description (continue) 


The PAL equations for this interface are written in the Na- 
tional Semiconductor PLANT format, which differs from the 
standard PALASM™ format. 
EXAMPLE: PLAN FORMAT 

/RASIN s= RFSH*/2D*ALE 
This translates as, “RASIN” is low after the rising edge of 
the input clock given that “RFSH” was high and “2D” was 
low and “ALE” was high a setup time before the clock tran- 
sitions high (here RASIN, 2D, and RFSH are outputs of the 
PAL and ALE is an input). 


EXAMPLE: PALASM FORMAT 
RASIN := /RFSH*2D*ALE 


The above expression means the same as the PLAN format 
expression except it is written in PALASM format. In other 
words, “RASIN’” will go low after the rising edge of the clock 
given that “RFSH” was high, “2D” was low, and “ALE” was 
high a setup time before the clock transitions high (here 
RASIN, 2D, and RFSH are outputs of the PAL and ALE is an 
input). 

Depending on the specific type of PALs and logic used, the 
user can calculate the speed requirements for the DRAM at 
the specified processor frequency as follows: 


CALCULATION OF DRAM “trac” RAS ACCESS TIME 
AND “tcac” CAS ACCESS TIME REQUIRED FOR AN 8 
MHz 80286, NO WAIT STATE, MICROPROCESSOR SYS- 
TEM 


#1) RASIN generation time = one period of the system 
clock + one 74AS244 gate delay (the system clock is 
inverted to the PALs) + one clocked output delay of 
the PAL generating the RASIN output (assume 
DMPAL16R6B) = 62.5 ns + 4.5ns + 12 ns = 79 ns 
maximum 


#2) RASIN to RAS out delay of the DP8419 = 20 ns maxi- 
mum (used to determine “trac’”’) 


#3) RASIN to CAS out delay of the DP8419 DRAM control- 
ler driving a load of 4 banks of 256k DRAMs, each bank 
containing 18 (16 DRAMs plus byte parity) = 72 
DRAMs 
Since this is under the specified load in the data sheet 
(approximately 88 DRAMs) approximately 3 ns can be 
subtracted from the data sheet number, giving 80 ns — 
3 ns = 77 ns maximum (used to determine “‘tcac’’). 
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#4) 74AS244 buffer delay = 7 ns maximum 


#5) Data setup time required from the end of “Tc” phase 2 
clock cycle = 10 ns minimum 


A normal 8 MHz 80286 access cycle contains 4 clock peri- 
ods (16 MHz) of 62.5 ns per period = 250 ns 


The required DRAM “trac” (row access time) can be calcu- 
lated from 250 ns — #1 — #2 — #4 — #5 = 134ns 


The required DRAM “tcac” (column access time) can be 
calculated from 250 ns — #1 — #3 — #4 — #5 = 77ns. 


The DRAMSs selected for this system must satisfy both the 
“tpac’ and “tcac” requirements. Therefore the DRAMs 
must have a “trac” (row access time) less than or equal to 
134 ns and a “tcac” (column access time) less than or 
equal to 77 ns to be used in this system, under worst case 
conditions, for a no WAIT state, 8 MHz 80286 system. Com- 
mon 120 ns 256k DRAMs meet this specification. 


Other Options 


In the system block diagram, buffers (74AS244s) were used 
to isolate the data in from the data out of the DRAM. This is 
needed because all WRITE accesses are late WRITEs 
(READ-MODIFY-WRITE cycles). In this system a HIGH and 
LOW WRITE enable were produced. The user could just as 
well have produced a HIGH and LOW CAS. In producing a 
HIGH and LOW CAS, the user would need the WRITE out- 
put of PAL #1 (to bring CAS low during a WRITE), AO and 
BHE (for byte WRITEs), and the DT/R signal (for determin- 
ing whether the access is a READ or WRITE access). Also, 
by generating a HIGH and LOW CAS, the system can use 
transceivers instead of buffers in the DRAM data path. The 
only problem with this approach is that RASIN to CAS out 
may take a little longer since CAS goes through some exter- 
nal logic. 
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80286 PAL Inputs and Outputs 


(Pin number of the PAL on the left) 


PAL #1INPUTS 
1) “CLK” 


2) “SS” 


3) “RFRQ” 
4) “S0" 

5) “ST” 

6) “ALE” 

7) "NC1” 

8) “PRECH” 


9) “NC2” 
1 1) “OE” 


This is the inverted system clock (“CLK”) 
of the 82284 clock generator. 


This is the latched chip select (see system 
block diagram). 

Refresh request from the DP8419. 

Status pin from the 80286. 

Status pin from the 80286. 

Address latch enable from 82288. 

No contact. 

This signal indicates that a back-to-back 
access cycle, to the same DRAM bank, is 
taking place. In this situation, the PAL con- 
troller will delay “RASIN” until adequate 
RAS precharge time has been guaran- 
teed, and also insert WAIT states into the 
present access cycle to accommodate the 
extra precharge time. 

No contact. 

This input enables the PAL outputs. 





PAL #1 OUTPUTS 


19) “CYREQ” 


18) “RFREQ” 


17) “RASIN” 


16) “RFSH” 
15) “1DLY” 
14) “2DLY” 
13) “SYNRDY” 





12) “WRITE” 


This signal indicates that an access was 
requested during a Refresh or during the 
precharge time of the previous access. 


This output guarantees that the refresh re- 
quest occurs within 15 ns after the system 
clock. This is necessary in order for the 
refresh/access arbitration to work correct- 
ly. 

This signal causes RAS (or RASs) to go 
low during a DRAM access or refresh. 
This signal initiates a DRAM Refresh. 

A delay that is used internally. 

A delay that is used internally. 


This output goes to the 82284 clock gen- 
erator synchronous ready input. This out- 
put inserts WAIT states into DRAM access 
cycles during access/refresh/RAS pre- 
charge contention. 


This output produces a WRITE strobe for 
the DRAMs. 


3-83 


PAL #2 INPUTS 


1) “ALE” 
2) “BO” 

3) “B1” 

4) “ASIN 


5) “TOLY" 
6) “RFSH” 
7) “WRITE” 


8) “AQ” 


9) “BHE” 


1 1) “OE” 


This is the address latch enable input from 
the 82288. 


This is the “A1” address bit from the 
80286. 


This is the “A2” address bit from the 
80286. 


This signal causes RAS (or RASs) to go 
low during a DRAM access or refresh. 


This is a delay used internal to the PALs.) 
This signal initiates a DRAM Refresh. 


This output produces a WRITE strobe for 
the DRAMs. 

This is the AO” address bit from the 
80286 and is used during byte read or byte 
write situations. 

This is the high byte enable signal from 
the 80286 and is used during byte read or 
byte write situations. 


This input enables the PAL outputs. 


PAL #2 OUTPUTS 


19) “PRECH” 


18) “NIC” 
17) “PREVO” 


16) “PREV1” 


15) “PREV2” 





14) “PREV3” 


This signal indicates that a back-to-back 
access cycle, to the same DRAM bank, is 
taking place. In this situation, the PAL con- 
troller will delay “RASIN” until adequate 
RAS precharge time has been guaran- 
teed, and also insert WAIT states into the 
present access cycle to accommodate the 
extra precharge time. 


No contact to this pin. 

Latches if the previous access was to 
Bank 0. 

Latches if the previous access was to 
Bank 1. 

Latches if the previous access was to 
Bank 2. 

Latches if the previous access was to 
Bank 3. 





13) “WINLOW” This is the low byte DRAM write input. 
12) “WINHIGH” This is the high byte DRAM write input. 
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Equations for PALs to Interface the DP8419 to the 80286 


These PALs work up to 10 MHz and use mode 0 for doing externally controlled forced refreshes, guaranteeing 3 periods (of 2X 
clock from 82284) of RGCK RAS pulse width. This set of PALs will only work for the DP8419 since they use mode 0 forced 


refresh to reset the refresh request (RFIO) signal. 
PAL #1 
DMPAL16R6A 


CLK /CS /RFRQ /SO /Sl ALE NCl /PRECH NC2 
JOE /WRITE /SYNRDY /2DLY /1DLY /RFSH /RASIN 


IF (VCC) /CYREQ = /CS*/RFSH*SO*/S1 
+/CS* /RFSH*/SO*S1 
+/CYREQ*/RFSH 
+/CYREQ*RASIN 
+/CYREQ"1DLY 
+/CS*RASIN* LDLY* /2DLY*S0*/S1 
+/CS*RASIN* LDLY* /2DLY*/SO*S1 


IF (VCC) /WRITE = /SO*S1*/CS*ALE 
+/WRITE* 1DLY 
+/WRITE* /RFSH 
+/WRITE* /RASIN 


/RFREQ := /RFRQ 


/RASIN := /RFSH*/1DLY*/ALE 
+/RFSH* /1DLY* /RASIN 
+RFSH* /SO*S1*PRECH*RFREQ*/ALE*/CS 
+RFSH*S0* /S1*PRECH*RFREQ* /ALE*/CS 
+/RASIN*RFSH*2DLY 
+RFSH* /CYREQ* LDLY*2DLY* /ALE 


/RFSH := /RFREQ*RASIN*LDLY* /2DLY 
+/RFREQ*RASIN* / 1DLY* /2DLY 
+/RFREQ*RASIN* LDLY*2DLY* CYREQ 
+/RFSH* /1DLY 
+/RFSH* /2DLY 
+/RFSH* /RFREQ 


/\DLY := /RFSH*2DLY* /RFREQ 
+/RFSH* /RASIN*2DLY* /1DLY 
+/RFSH* /RASIN* /1DLY*ALE 
+RFSH* /RASIN 


/2DLY := /RFSH*/RASIN 

+/RFSH* /2DLY*ALE 

+RFSH* /RASIN* /1DLY 

+RFSH* /LDLY* /2DLY* /PRECH*RASIN*RFREQ 


/SYNRDY := /CS*/RASIN*1LDLY*RFSH 
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GND 
/RFREQ /CYREQ VCC 


sRead access during RFSH 

sWrite access during RFSH 

sHold "/CYREQ" during RFSH 
sHold "/CYREQ" 

sHold "/CYREQ" 

sPrecharge needed during access 
sPrecharge needed during access 


sWrite access 

sHold "/WRITE" low 
sHold "/WRITE" low 
sHold "/WRITE" low 


sRFSH "/RASIN" except if "ALE" 
sKeep "/RASIN" low during RFSH 
sWRITE access 

sREAD access 

sHold "/RASIN" low 

s"/RASIN" after precharge delay 
; or RFSH 


3;Start RFSH after access 
sStart RFSH after access 
sStart RFSH after idle states 
sHold RFSH low 

sHold RFSH low 

3Hold RFSH low 


s"/LDLY" during RFSH 

sHold "/1DLY" low 

sHold "/1DLY" low if "ALE" 
"/LDLY" during access 


s"/2DLY" during RFSH 

sHold "/2DLY" low if "ALE" 
3;"/2DLY" during access 

sHold "/2DLY" low for precharge 


3"/SYNRDY" during an access 


Equations for PALs to Interface the DP8419 to the 80286 (Continued) 


PAL #2 


DMPAL16R4A 
ALE BO Bl /RASIN /1DLY /RFSH /WRITE AO /BHE GND 
JOE /WINHIGH /WINLOW /PREVS /PREV2 /PREV1L /PREVO NC /PRECH VCC 


IF (VCC) /PRECH = RFSH*/BO*/BL*/PREVO*RASIN*/IDLY ;Need precharge during 
+RFSH*BO*/B1* /PREVL*RASIN* /1DLY $ present access if 
+RFSH* /BO*B1* /PREV2*RASIN* /1DLY 3 previous access bank = 
+RFSH*BO*B1* /PREV3*RASIN* /1DLY $ present access bank 


/PREVO := /BO*/Bl sPrevious access to bank 0 
/PREV1 s= BO*/B1l sPrevious access to bank l 
/PREV2 := /BO*BL sPrevious access to bank 2 
/PREVS := BO*B1 sPrevious access to bank 3 


IF (VCC) /WINLOW = RFSH*/RASIN*/1DLY*/AO*/WRITE § ;"/WRITE® during access 
IF (VCC) /WINHIGH = RFSH*/RASIN*/1DLY*/BHE*/WRITE ;"/WRITE" during access 


Equations for PALs to Interface the DP8409A or DP8419 to the 80286 


These PALs work up to 10 MHz with the DP8419 and up to a frequency where the minimum RGCK high or low pulse width (of 
82284 2X clock) is equal to or greater than 35 ns for the DP8409A. These PALs only guarantee 2 system clock periods of RAS 
low during refresh and 2 periods of RAS precharge time (of 82284 2X clock) between consecutive accesses to the same RAS 
bank. 


PAL #1 


DMPAL1L6R6A 
/CLK /CS /RFRQ /SO /Sl ALE NCL /PRECH NC2 GND 
/OE /WRITE /SYNRDY /2DLY /1DLY /RFSH /RASIN /RFREQ /CYREQ VCC 


IF (VCC) /CYREQ = /CS*/RFSH*SO*/S1 sRead access during RFSH 
+/CS* /RFSH*/SO*S1 sWrite access during RFSH 
+/CYREQ*/RFSH sHold "/CYREQ" during RFSH 
+/CYREQ*RASIN sHold "/CYREQ" 
+/CYREQ*1LDLY sHold "/CYREQ" 
+/CS*RASIN* 1DLY* /2DLY*S0*/S1 sPrecharge needed during access 
+/CS*RASIN* 1DLY* /2DLY* /S0*S1 sPrecharge needed during access 
IF (VCC) /WRITE = /SO*S1*/CS*ALE ;Write access 
+/WRITE*LDLY sHold "/WRITE" low 
+/WRITE* /RFSH sHold "/WRITE" low 
+/WRITE* /RASIN sHold "/WRITE" low 


/RFREQ := /RFRQ 


/RASIN := RFSH*/SO*S1*PRECH*RFREQ*/ALE*/CS ;SWRITE access 
+RFSH*S0O*/S1*PRECH*RFREQ*/ALE*/CS sREAD access 
+/RASIN*RFSH*2DLY sHold "/RASIN" low 
+RFSH* /CYREQ*1DLY*2DLY* /ALE 3s"/RASIN" after precharge 

; delay or RFSH 
/RFSH := /RFREQ*RASIN*1DLY* /2DLY 3;Start RFSH after access 
+/RFREQ*RASIN* /1LDLY* /2DLY sStart RFSH after access 
+/RFREQ* RASIN* LDLY* 2DLY* CYREQ ;Start RFSH after idle states 
+/RFSH* /1DLY sHold RFSH low 
+/RFSH* /2DLY sHold RFSH low 
+/RFSH* /RFRQ sHold RFSH low 
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Equations for PALs to Interface the DP8409A or DP8419 to the 80286 


(Continued) 
/IDLY := /RFSH*2DLY*/RFRQ 
+/RFSH* /1DLY*2DLY 
+RFSH* /RASIN 


/2DLY := /RFSH*/1DLY* /ALE 
+/RFSH* /2DLY*ALE 
+RFSH* /RASIN* /1DLY 


s"/LDLY" during RFSH 
sHold "/1DLY" low 
s"/LDLY" during access 


s"/2DLY" during RFSH 
sHold "/2DLY" low if "ALE" 
3;"/2DLY" during access 


+RFSH* /1DLY* /2DLY* /PRECH*RASIN*RFREQ ;Hold "/2DLY" low for precharge 


/SYNRDY := /CS*/RASIN*1DLY*RFSH 


3"/SYNRDY" during an access 


If only 2 banks of DRAM were to be used the PAL interface would require only 1 PAL. The two inputs “PRECHOUT and NC” (pin 
#8 and #9) could be changed to “BO” and “PREVBO” to allow interleaving of bank 0 and 1. “PREVBO” could be produced 
externally using a “‘D” type flip-flop with “ALE” as its clock and “BO” as its input. The equations for “RASIN” and “2DLY” will 


have to be changed as follows: 


/RASIN := /RFSH*/1DLY* /ALE 
+/RFSH*/1DLY* /RASIN 
+RFSH* /S0*S1*BO* /PREVBO*RFREQ* /ALE*/CS 
+RFSH* /S0*S1* /BO"PREVBO*RFREQ" /ALE*/CS 
+RFSH*SO* /S1*BO* /PREVBO*RFREQ* /ALE*/CS 
+RFSH*SO* /S1* /BO* PREVBO*RFREQ* /ALE*/CS 
+/RASIN*RFSH*2DLY 
+RFSH* /CYREQ*LDLY*2DLY* /ALE 


/2DLY := /RFSH*/1DLY 
+/RFSH* /2DLY*ALE 
+RFSH" /RASIN* /1DLY 
+RFSH* / LDLY* /2DLY* /BO* /PREVBO *RASIN*RFREQ 


sRFSH "/RASIN" 

sHold "/RASIN" low in RFSH 
sWRITE access 

sWRITE access 

;READ access 

sREAD access 

sHold ""/RASIN'' low 
3s"/RASIN" after precharge 
s delay or RFSH 


s"/2DLY" during RFSH 

sHold "/2DLY" low if "ALE" 
s"/2DLY" during access 

sHold "/2DLY" low for precharge 
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80286 System Diagram (Continued) 
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System Timing Diagram 
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System Timing Diagram (continued) 
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System Timing Diagram (Continued) 
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System Timing Diagram (Continued) 
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Interfacing the 
DP8408A/09A To 
Various Microprocessors 


High storage density and low cost have made dynamic 
RAMs the designer’s choice in most memory applications. 
However, the major drawback of dynamic RAMs is the com- 
plex timing involved. First, a RAS must occur with the row 
address previously set up on the multiplexed address bus. 
After the row address has been held for some minimum 
time after RAS (namely the row address hold time of the 
dynamic RAMs, trax), the column address is set up and 
then CAS occurs. In addition, refreshing must be done peri- 
odically to keep all memory cells charged. 


With the introduction of the DP8408A Dynamic RAM Con- 
troller/Driver, the above complexities are simplified. The 
DP8408A is housed in a 48-pin package with eight multi- 
plexed address outputs (Q0-7) and six control outputs 
(RASO-3, CAS, WE). It consists of two 8-bit address latches 
and an 8-bit refresh counter. All the output drivers are capa- 
ble of driving 500 pF loads. 


The following discussion demonstrates a typical application 
of the DP8408A Dynamic RAM Controller/Driver in 
Z8000TM- and Z80®-based systems. The DP8408A basical- 
ly has six modes of operation: Externally Controlled Re- 
fresh, Externally Controlled All-RAS Write, Externally Con- 
trolled Access, Auto Access (slow tga), Auto Access (fast 
tRaH) and Set End of Count. 


The DP8408A, operating in the auto access mode, requires 
only RASIN to initiate a memory access cycle because all 
the dynamic RAM’s control signals are automatically de- 
layed from this input. (Refer to Figure 7 for the auto access 
timing sequence.) 

In the following applications, the DP8408A operates in ei- 
ther mode 5 or mode 6 Auto Access and mode 1 or 2 Exter- 
nally Controlled Refresh to provide minimum additional log- 
ic. 


The DP8408A and Z8000 Interface 


MEMORY ACCESS CYCLE 


Figure 2a shows the detailed block diagram of Z8000 and 
the DP8408A interface. Consider a memory cycle of the 
Z8000; first, the memory address is output on the Address 
and Data multiplexed bus (ADO-15) during T1 and is 
latched to the DP8408A by AS. Simultaneously, MREQ 
goes low and is used to provide RASIN to initiate a memory 
transaction cycle. Then the selected RAS output, row ad- 
dress hold time (taay), column address set up time (tasc) 
and CAS output will follow RASIN as determined by the auto 
access modes. A maximum of one wait state is required for 
6 MHz and 10 MHz CPUs. This wait state is automatically 
inserted by the CAS output of the DP8408A. For systems 
using byte-writing, the DM74S158 provides two separate 
CAS outputs for accessing the low and high byte of memo- 
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ry. Note that DS from the Z8000 is also gated with the 
DP8408A's CAS output to generate CASL and CASH. This 
guarantees the valid data from the Z8000 being written into 
memory during memory write cycles. Refer to Figure.3 for 
the detailed memory transaction cycle timing. 
The following formula allows the designer to determine the 
proper memory speed in terms of tcac (access time from 
CAS): 
tcac Max.=3 X teg ~ tde(MR) — trict — tcasaly — 
tsprn(C) — 15. 
The Z8000 parameters: 
tec: clock cycle time 
tspR(C): read data to clock J set up time 
tdc(MR): clock to MREQ delay 

The DP8408A, 74S158 and 74LS245 parameters: 

tricL: RASIN to CAS delay 

tcasaly: the propagation delay of the 745158 
15 ns: the propagation delay of the 74LS245 
(at 50 pF load) 

For the 10 MHz CPU and the DP8408A: 

tcac Max. =300 — 40 — 1381 — 14 — 10 — 15=90ns. 

© tricL max. (mode 6)= 131 ns at 15 pF load. 

* tcasaly Max. = 14 ns at 50 pF load. 
Since MREQ is connected directly to RASIN, tap (RAS pre- 


charge time) and tras (RAS pulse width) are determined by 
MREQ high and low, respectively. 


MEMORY REFRESH CYCLE 


The Z8000 CPU contains a refresh rate counter for auto- 
matic memory refresh. This counter should be programmed 
during the processor initialization to determine the refresh 
rate. Since memory refresh is automatically inserted by the 
Z8000, there is no additional refresh arbitration logic al- 
lowed. The CPU’s STATUS 3 (ST3) cutput can be directly 
connected to the M2 (RFSH) pin of the DP8408A. During 
the memory refresh cycle, ST3 goes low, setting the 
DP8408A in the external control refresh mode (mode 2). 
Then all four RAS outputs will follow MREQ to strobe the 
DP8408A’s refresh address to all memory banks (the Z8000 
refresh address is ignored). As MREQ goes high again, the 
DP8408A increments its refresh counter, preparing it for the 
next refresh cycle. Refer to Figure 4 for the refresh cycle 
timing. Note that ST3 also goes low during the internal cy- 
cle, |/O reference cycle and interrupt acknowledge cycle, 
but the memory will not be refreshed because MREQ is not 
active during these cycles. The DP8408A on-chip refresh 
counter will not be incremented when M2 goes low unless 
MREQ is inserted. 
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FIGURE 1. Auto Access Timing Sequence 
(Mode 5 or Mode 6) 
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FIGURE 2a. Z8000 and DP8408A Interface 
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(4) CASH (BANK 0) 


(7) CASH (8ANK1) 


(9) CASL (BANK) 


(12) CASL (BANK1) 
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FIGURE 2b. CASH and CASL Decoder 


When the processor is in either halt state (by executing the 
privileged HALT instruction) or single-stepping mode (when 
STOP) input is low), it introduces memory refresh cycles. 
However, care should be taken when the CPU is in either a 
WAIT state or a Bus Acknowledge cycle, that the dynamic 
RAM refresh will not take place. If these conditions occur 
over a long period of time, a burst refresh is recommended. 
This can be done by toggling RASIN while keeping M2 low, 
until all the rows of the dynamic RAM have been refreshed, 
then the CPU can resume its operations. 


The DP8408A and Z80A® Interface 


INSTRUCTION FETCH CYCLE 


Figure & shows the detailed interconnections between the 
DP8408A, the Z80 and the Dynamic RAMs. Figure 6 shows 
the timing during an M1 cycle (op code fetch). The program 
counter is output on the address bus at the beginning of the 
M1 cycle. One-half clock later MREQ goes active. This input 
is used to provide RASIN to the DP8408A to access the 
dynamic memory. Subsequently, the selected RAS output, 
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Row to Column Select and then CAS output will automati- 
cally follow RASIN as determined by the Auto Access 
modes of the DP8408A. The RD line also goes active to 
indicate a memory read cycle is in progress. After tcac (ac- 
cess time from CAS), read data becomes valid. This data is 
sampled on the rising edge of T3, then both MREQ and RD 
go inactive. Immediately following this, RFSH goes low, put- 
ting the DP8408A in the Externally Controlled Refresh 
mode. The MREQ goes active causing all four RAS outputs 
to go active to perform a refresh to all the banks of the 
dynamic RAMs. Note that during memory refresh cycles, the 
refresh address from the CPU is output on the address bus. 
However, the contents of the DP8408A on-chip refresh 
counter are used instead to provide the row address to the 
dynamic memory array. Since the Z80 provides only a 7-bit 
refresh address, it is an advantage to use the DP8408A 8-bit 
refresh counter to support 64k dynamic RAMs directly. The 
DP8408A refresh counter is incremented as MREQ returns 
high, ending the memory refresh. The RFSH goes inactive 
returning the DP8408A back to the Auto Access mode, pre- 
paring it for the next access cycle. 
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MEMORY ACCESS CYCLE 


Figure 7 shows the timing of the memory read and memory 
write cycle other than for the M1 op code fetch cycle. Simi- 
lar to the op code fetch cycle, MREQ is used to provide 
RASIN. MREQ goes active after the address to the memory 
has had time to stabilize. Again, RAS output, Row to Col- 
umn Select and then CAS output will automatically follow 
RASIN to access the specified memory location. For a 
memory read cycle, both MREQ and RD go active, andasa 
result, WIN remains high (refer to Figure 5), which allows a 
memory read operation to occur. On the other hand, only 
MREQ goes active during a write cycle, which forces WIN 
low, indicating an early write cycle. It should be noted that 
the CAS output to the memory array will not go low until WR 
goes low during memory write cycles as this guarantees the 
valid CPU data will be written into memory. 

It is worth mentioning that the 280 CPU provides powerful 
block transfer instructions. An example is the LDIR (load, 
increment and repeat); using only this instruction, the pro- 











Tt T2 13 


CLOCK 


grammer can move any block of data from the location 
pointed to by the D and E registers. This operation is repeat- 
ed until the byte counter (B and C registers) reaches zero. 
Thus, this single instruction can move any block of data 
from one location to any other. Due to the fact that this 
instruction is refetched after each data byte transfer, the 
memory refresh cycle always takes place even though a 
transfer of up to 64k bytes of data may be performed. Fur- 
thermore, when the CPU has executed the software HALT 
instruction and is waiting for an interrupt before normal CPU 
operations can resume, the CPU executes NOP instructions 
to maintain memory refresh activity. 


However, care should be taken when the CPU is in either 
WAIT state or a Bus Acknowledge cycle, the dynamic RAM 
refresh will not take place. If these conditions occur long 
enough, a burst refresh is recommended, and it can be 
done by toggling RASIN while keeping M2 !ow until all the 
rows of the dynamic RAM have been refreshed before the 
CPU can resume its operation. 
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FIGURE 7. Z80A Memory Read and Memory Write Cycle 
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The following formulas allow designers to select the appro- 
priate dynamic memory, based on different CPU and 
DP8408A speed versions, to allow the CPU full speed of 
operation: 
max. tcac: 1.5 X tomin — toLg(MR) — tRICL — 
tcaspLy — ts@(D) 
min. tap: tw(MRH)=tw(H) + ts — 20 
min. taas: tw(MRL) — 20=tc — 50 
Dynamic RAM Parameters: 
tcac: access time from CAS 
tap: RAS precharge time 
tras: RAS pulse width 
280 Parameters: 
tc: clock period 
tw(H): clock pulse width, clock high 
tf: clock fall time 
tpLg(MR): MREQ delay from falling edge of clock, 
MREQ low 
ts(D): Data set up time to rising edge of clock 
during M1 cycle 
DP8408A and 74S00 Parameters: 
trict: RASIN to CAS output delay 
tcasDLy: propagation delay of the two 74S00 NAND 
gates 
For example, if the Z80A (4 MHz) and the DP8408A are 
used, then: 
max. tcac: 1.5(250) — 85 — 132 — 13 — 50=95 ns 
min. tap: 110 + 20 — 20=110 ns 
min. tras: tc — 50=200 ns 
tRicL max. 
(mode 6): 132 ns at 15 pF load 
tCASDLY Max.: 13 ns at 50 pF load 
Therefore, in this case, the designer should choose a dy- 


namic memory which has maximum tcac of 95 ns, minimum 
trp of 110 ns and minimum tras of 200 ns. 


DP8409A and MC68B09E Interface 


DP8409A OVERVIEW 


The DP8409A Dynamic RAM Controller/Driver is designed 
to control all multiplexed-address dynamic RAMs. It con- 
sists of two 9-bit address latches and a 9-bit refresh coun- 
ter, thus allowing control of all 16k, 64k, and the coming 
generation 256k dynamic RAMs. More important, all the 
DP8409A outputs are capable of driving 500 pF loads. 


The DP8409A basically has eight modes of operation: Ex- 
ternally Controlled Refresh, Automatic Forced Refresh, In- 
ternal Auto Burst Refresh, All RAS Auto Write, Externally 
Controlled Access, Auto Access (slow tray and with hidden 
refresh), Fast Auto Access (fast tray) and Set End of 
Count. Of all these modes, Auto Access (mode 5) and Auto 
Forced Refresh (mode 1) are the most popular and will be 
used throughout this application. Mode 5 requires only 
RASIN to initiate a memory access cycle, because all the 
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dynamic RAM’s control signals are automatically delayed 
from this input, as shown in Figure 7. To attain maximum 
system throughput, it is obviously advantageous to perform 
refreshes without interrupting the system. The DP8409A 
can do this by monitoring the CS input to see if it is high. If 
CS is high, the RAMs are not being accessed. If CS is high 
for one cycle, the DP8409A performs a hidden refresh dur- 
ing this cycle, and stops in time for the system to start an- 
other access. But if a hidden refresh does not occur in a 
specific time slot, a refresh must be forced and this can be 
done by using Mode 1, Automatic Forced Refresh. 


To perform automatic forced refresh, the DP8409A must 
receive two clock signals: the refresh period clock, RFCK, 
and RGCK, the RAS-generator clock; RGCK can be the mi- 
croprocessor clock. It takes approximately four RGCK clock 
periods to perform this automatic forced refresh. The 
DP8409A gives preference to hidden refresh using RFCK as 
a level reference. The refresh time slot commences as 
RFCK goes high. If CS goes high while RFCK is high, the 
refresh counter is enabled in the address outputs. All four 
RAS outputs follow RASIN; so to perform a hidden refresh, 
RASIN must be set low and the refresh counter gets incre- 
mented as RASIN goes high. The DP8409A allows only one 
such hidden refresh to occur with a clock cycle of RFCK to 
minimize power consumption. 


lf a hidden refresh does not occur the DP8409A must force 
a refresh before RFCK begins a new cycle on a low-to-high 
transition. Therefore, as RFCK goes low (and a hidden re- 
fresh has not occurred), RF |/O (Refresh Request) goes 
low, requesting that a refresh be performed. When the sys- 
tem acknowledges the request, it sets M2 low, and prevents 
further access to the DP8409A. Then two RGCK negative 
edges after M2 has gone low, all four RAS outputs go low 
and remain low for two RGCK clock periods. After all four 
RAS outputs have gone low, M2 can go high any time to 
end the Automatic Forced Refresh. The DP8409A allows 
only one automatic refresh to occur within a clock cycle of 
RFCK. 


MEMORY ACCESS 


The MC68BO9E starts a memory access cycle when E goes 
low, then the memory address becomes valid on the Ad- 
dress Bus AO-15. This address is decoded to provide Chip 
Select (CS) to the DP8409A. Then Q goes high and sets 
RASIN tow from the PAL® Control Logic as shown in Figure 
12. Note that CS must go low for a minimum of 10 ns before 
the assertion of RASIN for a proper memory access. This is 
important because a false hidden refresh may take place 
when this 10 ns minimum setup time is not met. RASIN 
goes low initiating the auto access sequence as shown in 
Figure 1. Mode 5 guarantees a 30 ns minimum for row ad- 
dress hold time and a minimum of 8 ns column address set 
up time. RASIN remains low until E goes low at the end of 
the current access cycle. Using the 16R6A Programmable 
Array Logic (25 ns PAL), the maximum access time from 
CAS of the selected dynamic RAM is determined as follows: 


Max. tcac: 3X 125—-25—-160—40= 150 ns 8409A 
tcac: 3X 125 —-25— 130—40= 180 ns 8409A-2 
Q high to 
Elow: 3 X 125 ns (8 MHz clock) =375 ns 

















Q high to 
RASIN low: 25 ns (16R6 A PAL Parameter) 
RASIN to CAS 


Output low: 160 ns (DP8409A’s tricL, Mode 5, at 500 
pF load) 


130 ns (DP8409A-2’s trict) 
Read data setup 
time (before E 
going low): 40 ns 


MEMORY REFRESH 


As described above, RASIN goes active when Q and/or E 
are high. This scheme, therefore, maximizes chances for 
hidden refresh because CS is high during nondynamic mem- 
ory cycle. For example, when the CPU is executing internal 
operation or the CPU is accessing ROM or I/O, CS is high 
during these times. The DP8409A therefore performs a hid- 
den refresh as RASIN goes low, assuming that RFCK 
is high. 









MODE 5 | MODE & 





NSC800 


However, if no hidden refresh occurs while RFCK was high, 
RF I/O goes low immediately after the RFCK high-to-low 
transition requests a forced refresh. The PAL Control Logic 
samples RF I/O, when E and Q are high and low respective- 
ly, to set M2 (RFSH) low, as shown in Figure 13. Once M2 
has gone low, a forced refresh automatically occurs (as de- 
scribed in the DP8409A Overview). M2 remains low for four 
system clock periods to allow for this forced refresh. If the 
current microprocessor cycle is a nondynamic memory cy- 
cle (CS is high), this refresh is transparent to the microproc- 
essor and STRETCH remains high (E and Q are not 
stretched). Nevertheless, if the current cycle is a dynamic 
memory access cycle, STRETCH goes low stretching E and 
Q for a maximum of four system clocks. RASIN for the 
pending access will be issued a full system clock after M2 
has gone high; this is to allow some RAS precharge time for 
the dynamic RAM. After this, memory will be accessed in 
the manner as described in the Memory Access Cycle. 












OP8408A 


MEMORY 





Din AND Dout 






TL/F/5040-9 


FIGURE 8. NSC800 and DP8408A Interface 
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NSC 800 OUTPUTS 


OP8408A OUTPUTS 
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FIGURE 9. NSC800 Op Code Fetch Cycle 
Showing Memory Refresh 
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FIGURE 10. NSC800 Memory Write Cycle 
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FIGURE 11. MC68BO9E and DP8409A Interface 
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8 MHz 
CLOCK | : | | | | | : | | | | | | 


RW ¢ | 


A0-15 Cer am. ADDRESS VALID . 
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RASO-3 \ SELECTED RAS 


ma | | | 
ar X{onnoness Xuma —————~* 
t 


| , |~<———tcac ae | {OFF Gclmead 
DATA VALID 


TL/F/5040~13 








*If CS is high throughout this cycle (RFCK is also high), hidden refresh occurs instead of a memory access. 


FIGURE 12. MC68BO9E Memory Read Cycle 
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FIGURE 13. MC68BO09E Forced Refresh and Memory 
Read Cycle 
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PALL6ER6GA 

User Part # 

6809/8409A Interface PAL 

National Semiconductor 

CK E Q RFIO /CS /WAIT RW A B GND /OE C D /STRETCH 
/SDLY /2DLY /1DLY /M2 /RASIN VCC 

If (VCC) RASIN=CS*E*/M2*/1DLY + 


CS*Q* /M2 
M2:=E"/RFIO*/Q + 
M2* /3DLY 
LDLY : = M2 
2DLY : = LDLY 


3DLY : = 2DLY 
STRETCH: =CS*2DLY*E + 

CS*WAIT*E*Q*RW 
sDESCRIPTION: 
;sThe above equations are written in standard PALASM™ format. 
sAlso included in the logic is a ""/WAIT"" (active low) input. This 
sinput will allow the insertion of one WAIT state in a READ 
saccess cycle if it is tied low. If WAIT states are wanted in 
sboth READ and WRITE access cycles the ""RW"" input in the STRETCH 
sequation should be deleted. 
sThe uSer should make sure that CS is valid at the DP8409A input a 
sminimum of 30 ns before RASIN is valid. If the user does not 
scare about the HIDDEN REFRESH feature of the DP8409A, CS can be 
stied permanently low. In this configuration the RASIN term can 
stransition whenever is convenient. 


Dual-In-Line Package 


Voc 
RASIN 
M2 
6809 1DLY 


PAL® 2DLY 


INTERFACE SDLY 
STRETCH 


NC 
NC 
OE 


1 
2 
3 
4 
5 
6 
7 
8 
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Dual Port Interface for the 
DP8417/18/19/28/29 
DRAM Controller 


INTRODUCTION 


This application note describes a general purpose dual port 
interface to the DP8417/18/19/28/29 DRAM controller. A 
PAL® (Programmable Array Logic) device is used to imple- 
ment this interface. The PAL contains the logic necessary to 
arbitrate between the three ports (Refresh, Port A, and Port 
B), provide WAIT states to Port A or B when necessary, and 
an output to multiplex the Port A or B addresses to the 
DRAM controller. 


FEATURES 
Provides a versatile dual port interface to the DP8417/ 
18/19/28/29 DRAM controller 
Provides arbitration circuitry between DRAM refresh cy- 
cles, Port A accesses, and Port B accesses 
Allows for Port A and Port B to be synchronous or 
asynchronous to the input system clock 
Guarantees a minimum of one and one half system 
clock periods of RAS precharge time between grants to 
any two ports 
Provides WAIT state logic to both PORT A and Port B 
to handle contention problems between ports 
Differentiates between READ and WRITE accesses for 
Port A allowing Port A WRITE accesses to begin later 
than READ accesses 


DESCRIPTION 


This hardware arbitrates access to the dynamic RAM con- 
trolled by the DP8419 (or any of the related family members: 
DP8417/18/19/28/29) to either: 


1) A Refresh cycle, “GRNTRF” 
2) Port A, “GRNTA” 
3) Port B, “GRNTB” 


Refresh always has the highest priority and will always oc- 
cur immediately upon a refresh request (RFRQ) given that 
an access by Port A or B is not currently in progress. Port A 
has a higher priority than Port B though the scheme used 
attempts to give both ports a more equal priority. The arbiter 
does this by leaving Port A or Port B granted, after an ac- 
cess by that particular port, as long as no other ports are 
currently trying to access the DRAM. This scheme is used 
because data tends to be transferred in bursts from a partic- 
ular port. 


Once a port is granted, subsequent requests by that port 
immediately access the DRAM, until another port gains ac- 
cess to the DRAM (see Figure 77 of the timing waveforms 
for Port A). 


The term “WINA” (write enable for Port A) is used to cause 
“RASIN” to be generated later fora WRITE access than a 
READ access. This may be necessary to guarantee that 
valid data is written to the DRAM during WRITE accesses. If 
Port B is asynchronous this input is not needed because 
Port B requests are delayed through the external synchroni- 
zation circuitry. If Port B is synchronous both ports should 
mux to the “WIN” input, and use this input in generating the 
“RASIN” output of the PAL. 
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This arbiter guarantees one and one half system clock peri- 
ods of RAS precharge between accesses of different ports. 
It is up to the user to guarantee the precharge time between 
consecutive accesses from the same port. This arbiter as- 
sumes a minimum of one period high time between access 
requests from a particular port. 


Hidden Refresh is not supported in any of the following dual 
port schemes for several reasons: 


1) If “CS”, of the DP8419, is not permanently tied low the 
user must guarantee a “CS-RASIN” minimum time of 
34 ns for the DP8419. This could slow down the access 
time of several of the dual port schemes presented. 


2) In order to do hidden refresh a port must be granted dur- 
ing a non-CS access cycle. When the port is granted dur- 
- ing anon-C$& access cycle the other port may be request- 
ing the dual ported memory also and have to wait for it. A 
possible problem is that the non-CS access may not even 
be causing a hidden refresh at that time so in essence 
the other port is being slowed down for no reason (i.e. a 
hidden or forced refresh may have already been done 
during that period of the refresh clock). 


If either Port A or B tries to access the DRAM during a 
refresh WAIT states will automatically be inserted into that 
port’s access cycle. Also if one of the ports tries to access 
the DRAM while the other port is, WAIT states will automati- 
cally be inserted into the appropriate port’s access cycle. 
The user may want to change the “WAIT” state equations 
depending upon the processor or bus being interfaced to. 


The DUAL PORT ARBITER gives access to the refresh cy- 
cle via the M2 (RFSH) pin of the DP8419. The GRNTB out- 
put of the DUAL PORT CONTROLLER acts as a multiplexor 
signal to enable either PORT A or PORT B. Once enabled 
the Port selected will enable its addresses, write enable, 
LOCK control signal, and data to the DP8419 and its con- 
trolled memory. The user must be careful to assure that a 
particular port will not be locked (“LOCK” low while 
“GRNTA or B” is low) for more than 15.6 ys (RFCK period) 
or the system may miss a refresh. 


The Dual Port scheme presented assumes that all “PORT 
REQUEST” inputs are synchronous to the system clock in- 
put to the PAL (i.e. “PORT REQUESTs” occur following a 
rising edge of the system clock). If a specific “PORT RE- 
QUEST” is asynchronous to the system clock it has to be 
synchronized to the system clock by running it through two 
flip-flops (see “AREQB” and “ARFRQ” in the system block 
diagram). The two “RFRQ” synchronizing flip-flops are 
needed for the PAL refresh logic to work correctly. 

The Dual Port scheme presented does not assume the use 
of any specific processor. Therefore, the user may require 
some external logic to interface the Dual Port PAL to a spe- 
cific microprocessor or bus. 

Figures 1-5 show several suggestions for circuits used to 
generate “REQA” for different CPU’s. The PAL equations 
were designed assuming a National Semiconductor Series 
32000® CPU on Port A. In the “RASIN” equations for Port A 
WRITE cycles were started one half period later than READ 
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cycles and both READ and WRITE accesses were ended 
one half period after “REQA” went high (this is to make up 
for WRITE accesses starting one half period after “REQA”’). 
The user may wish to modify these equations (and possibly 
the ‘““WAITA” equations) depending upon the specific CPU 
being used. 

EXAMPLE: DETERMINING THE REQUIRED MEMORY 
SPEED (‘‘taac” AND “tcac”) FOR A SERIES 32000 TO 
RUN AT 10 MHz WITHOUT WAIT STATES 


Assume the Series 32000 is synchronously interfaced to 
Port A. 


#1) RASIN low = T1 + 6 ns (PHI1 to CTTL Rising edge 
maximum) + 12 ns (“‘B” PAL clocked output) + 15 ns 
(“B” PAL combinational output) = 100 + 6 + 12 + 
15 = 133 ns maximum 

#2) RASIN to RAS tow = 20 ns maximum 

#3) RASIN to CAS low = 70 ns (DP8419-70) — 3 ns (72 
DRAMs instead of 88 DRAMs spec’d in data sheet) = 
67 ns maximum 

#4) 74F245 transceiver delay = 7 ns maximum 

#5) CPU data setup time to “T4” clock cycle = 15 ns maxi- 
mum 

“trac” =T1+7T2+T3— #1—#2—#4— #5 

= 100+ 100+ 100-133 ns—20—-7—15=125 ns 
“toac”’ =T1+T2+T3— #1—#3-—#4-— #5 
= 100+ 100+ 100-133 ns—67—7—15=78 ns 

Therefore the DRAM chosen should have a “‘taac” fess 

than or equal to 125 ns and a “tcac” less than or equal to 

78 ns. Standard 120 ns DRAMs meet this criteria. 


The following is an example of how to interpret the PAL 


equations correctly. These equations are presented in the 
format specified by the National Semiconductor PLAN for- 
mat. CAUTION, this format differs from the much used 
PALASM format. 


EXAMPLE: GRNTRF := RFRQ*GRNTA*GRNTB 


TSO 
FROM SERIES 
32000 


CLOCK 


This reads, the active flow flip-flop output “GRNTRF” is low 


following the rising edge of the input clock given that, the 
active low input “RFRQ” is low AND the active low output 
“GRNTA” is high AND the active low output “GRNTB” is 
high a setup time before the input clock transitions high. 
(Notice that RFRQ is interpreted as being low.) 


POSSIBLE MODIFICATIONS TO THIS APPLICATION 


In this application “REQB” is synchronized to the falling 
edge of the system clock input of the PAL. Generating 
“REQB” from the falling clock edge allows minimum delay 
from the asynchronous request to the synchronized request 
producing “GRNTB” and or “RASIN”. Producing “REQB” 
in this way also delays “RASIN” during a port B access 
because of the effect of the “GTOA” term. In order to calcu- 
late the taac and tcac of the DRAM (see Series 32000 
example above) the delay to “RASIN” low would be: 
“AREQB” low (asynchronous request B) + SYNCHRONI- 
ZATION delay (2 flip-flops) + 3 input NAND gate delay of 
“GTOA” + PAL delay for “RASIN”. 


if “REQB” is synchronized to the rising edge of the system 
clock there is a potential danger of getting glitches on the 
“RASIN” output of the PAL as a result of the “GTOA,B” 
terms. The glitches are possible under the condition of both 
“REQA” and “REQB” going low during a single clock peri- 
od. For example, if Port B is currently granted (“GRNTB” 
low) and “REQA” goes low more than one inverter gate 
delay before “REQB” goes low the “GTOA” term will initial- 
ly be high, then go low, then back high. This could cause a 
small glitch at the beginning of “RASIN”. This glitch can be 
avoided by guaranteeing that either the requests are sepa- 
rated by at least a three input NAND gate delay (as is the 
case in this application note) or that when two requests hap- 
pen within one clock period they happen within one inverter 
gate delay of each other. The circuits shown below, in Fig- 
ure 1, could be used to guarantee that when two requests 
happen within one clock they occur within one gate delay of 
each other. 


7AAS74 


TSO 
TL/F/8678-1 


FIGURE 1. Alternative Request Generating Circuits 





> 

IDEAS ON GENERATING “REQA” FOR SEVERAL DUAL PORT PAL #1 INPUTS = 
DIFFERENT MICROPROCESSORS. 1) “CLOCK” System clock. Pa 

*REQA, REQB, RFRQ should have a minimum setup time of approximately 2) “REQA” A synchronous access request from Port A o 


20 ns before the rising edge of the system clock. 


3) “WINA” WRITE ENABLE from Port A. This input is used 
to delay ‘“RASIN” during WRITE accesses. 


C) 4) ‘“REQB” A synchronous chip selected access request 


form Port B. “AREQ8B” is run through two flip-flops to 








NTSO O=—————=—=©_ REQA get “REQB”. Chip Select for Port B is assumed to be 
TL/F/8678-2 included within this input. 

FIGURE 2. Series 32000 “REQA” 5) “RFRQ” A synchronous refresh request. 
Minimum of 2 periods RAS precharge between successive accesses. 6) “TOGK” The “LOGK” input is an active tow signal that 
is driven by either Port A or Port B. This input, when low, 
@) causes the arbiter to keep the currently granted Port 
granted until the “LOCK” input goes high. This input is 
rc RECA useful in implementing atomic operations such as sema- 


phores that are useful in multiuser/multitasking operat- 
ing systems. 

7) “GTOA” This input is generated externally using the 
three signals REQA, REQB, and LOCK with some dis- 
oe crete logic. This input indicates that the arbiter will 
AS switch to Port A, given that Port B is currently granted. 
CLK RESET This input is needed to guarantee that when the arbiter 
TL/F/8678-3 switches contro! of the DRAM from Port B to Port A that 
FIGURE 3. 68000 “REQA” GRNTB goes invalid before REGB is able to start anoth- 
er access (see the RASIN output term “PORTB 

RASIN” in PAL equations). 


CLK AREQ 

















Minimum of 11/4 periods of RAS precharge. 


G) 8086 
MROC ae 
mee KREQ 
ANWC 


TL/F/8678-4 
FIGURE 4. 8086 “REQA” Method #1 
Minimum of 2 periods of RAS precharge. 


@) 8086 METHOD #2 
| 


ALE O 


O REQA | 





SYSTEM CLOCK O 


TL/F/8678-5 


FIGURE 5. 8086 “REQA” Method #2 
(For faster speed, minimum of 1 period of RAS precharge.) 
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9) 


“GTOB” This input is generated externally using the 
three signals REQA, REQB, and LOCK with some dis- 
crete logic. This input indicates that the arbiter will 
switch to Port B given that Port A is currently granted. 
This input is needed to guarantee that when the arbiter 
switches control of the DRAM from Port A to Port B that 
GRNTA goes invalid before REQA is able to start anoth- 
er access (see the RASIN output term “PORTA RASIN” 
in PAL equations). 


“CLK” This is the system clock input that may be used 
in the PAL equations (i.e. WAIT”). 


10) “CSA” This input is the chip select input for Port A. It is 


used, along with “REQA”, to request and cause an ac- 
cess to the DRAM. 


DUAL PORT PAL #1, OUTPUTS 
NOTE: All outputs are active low. 


1) 


“RASIN” This is the RASIN input to the DP8419 for Port 


4) “GANTRF” Goes to DP8419 M2 (RFSH) input. This 


causes an automatic forced refresh cycle. 


5) “GRNT1D” Goes low one period after “GRNTA”, 


“GRNTB”, or “GRNTRF” go low. This output is used to 
guarantee that one period is allowed after arbitration be- 
fore a “RASIN” is generated during a port access. This 
allows the particular port’s address, write enable signal, 
and lock input to become valid before an access is start- 
ed. This output also allows the PAL to determine when a 
particular port has been granted for several system clock 
periods. This information allows the arbiter to immediate- 
ly generate “RASIN” for any subsequent memory ac- 
cesses since the address is already muxed to the DRAM 
controller (see Figure 77 for the timing waveforms for 
Port A). 


6) “WAITA” This output functions as a WAIT input for Port 


A. 


7) “GTORFSH” This input is generated internally and indi- 
cates that the arbiter will give access control over to the 
refresh Port at the next rising clock edge. 

8) “XACKB” This output is generated external to the PAL 
and functions as a transfer acknowledge for Port B. 


A, Port B, and refresh. 
2) “GRNTA” This output is the grant output for Port A. 


3) “GRNTB” This output functions as the grant output for 
both Port A (high) and Port B (low). 


DUAL PORT PAL #1 
PAL1G6R4B 


CLOCK /REQA /WINA /REQB /RFRQ /LOCK /GTOA /GTOB CLK GND 
/OE /CSA /WAITA /GRNT1D /GRNIRF /GRNTB /GRNTA /RASIN /GTORFSH VCC 


/GRNTA /CSA* /REQA*GRNTRF*RFRQ*GRNTB 

+ /LOCK* /GRNTA 

+ /CSA* /REQA*RFRQ*/GRNTRF* GRNTLD 
+ /CSA* /GTOA* /*GRNTB*RFRQ*RASIN 
+ /CSA* /REQA* /GRNTA 

+ /GRNTA*REQB*RFRQ 

/GRNTB REQA*GRNTA*RFRQ"GRNTRF* /REQB 

+ /LOCK* /GRNTB 

+ /GTOB* /GRNTA*RFRQ*RASIN 

+ REQA*RFRQ*/GRNTRF* /REQB*GRNT1D 
+ /REQB* /GRNTB 

+ /GRNTB*REQA*RFRQ 

+ /GRNTB*CSA*RFRQ 


/GRNTRF := GRNTA*GRNTB*/RFRQ 
+ /GRNTRF* /RFRQ 
+ REQA* /GRNTA*LOCK* /RFRQ 
+ REQB*/GRNTB*LOCK* /RFRQ 
+ /GRNTRF* /GRNT1D 


/GRNTLD := /GRNTA*GTOB*GTORFSH 
+ /GRNTB*GTOA*GTORFSH 
+ /GRNTRF* /RFRQ 


IF (VCC) /GIORFSH = 
REQA* /GRNTA*LOCK* /RFRQ 
+ REQB* /GRNTB*LOCK* /RFRQ 


sStart GRNTA 
sContinue GRNTA 
s;RFSH.TO_PORTA 
sPORTB_TO_PORTA 
sHold GRNTA 
sHold GRNTA 


sStart GRNTB 
sContinue GRNTB 
sPORTA_TO_PORTB 
sRFSH_TO_PORTB 
sHold GRNTB 
sHold GRNTB 
sHold GRNTB 


sStart GRNIRF 
sContinue GRNIRF 
sPORTA_TO_RFSH 
sPORTB_TO_RFSH 
sHold GRNTRF 


sGRNTLD for PORTA 
sGRNT1D for PORIB 
sGRNTLD for RFSH 


3;PORTA_TO_RFSH 
3;PORTB_TO_RFSH 
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DUAL PORT PAL #1, 

PAL16R4B (Continued) 

IF (VCC) /RASIN = 

/CSA* /REQA* /GRNTA* /GRNT1D*GTOB*GTORFSH*WINA 

+ /CSA* /REQA* /GRNTA* /GRNTLD*GTOB*GTORFSH* /WINA* /CLK 

+ /CSA* /REQA* /GRNTA* /GRNTLD*GTOB*GTORFSH* /WINA* /RASIN 
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3;PORTA READ RASIN 
3;PORTA WRITE RASIN 
sPORTA WRITE RASIN 


+ /GRNTA* /GRNT1D* /RASIN* CLK 
+ /REQB* /GRNTB* /GRNTLD*GTOA*GTORFSH 
+ /GRNTRF* /GRNT1D*GTORFSH 


IF (VCC) /WAITA 
+ /CSA* /REQA* /WAITA*CLK 


POWER UP 













/CSA* /REQA*GRNTA 


sHold PORTA RASIN 
sPORTB RASIN 
3RFSH RASIN 


sStart WAITA 
sWAIT until one half period after GRNTA 















*RFRO 
GRANT 
MEMORY RFRO + GRNTID 
REFRESH 
REQA @REQB 
**##REQB @ REQA © 2 Pe tare 
RFRQ © GTOB *RFRQ *#CSA @ REQA © GTOA 
***REQB © REQA 
¢ GTOB 
**#REQB @RFRQ ©GTOB 
GRANT GRANT ioe 
REQA ¢RFRQ PORT B PORTA }. .) REQB@RFRQ + CSA © REQA 
+ REQB ACCESS ee a ae ACCESS 
3 **CSA © REQA © RFRQ © GTOA 
COCK a COCK 
**CSA © REQA® RFRQ@GTOA 
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FIGURE 6. Dual Port State Diagram 


*Refresh has the highest priority 
**Port A has the second highest priority 
***Port B has the lowest priority 
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AN-436 





PORT A SYNCHRONOUS PORT B ASYNCHRONOUS 
(COULD BE SYNCHRONOUS) 


DUAL PORT 
CONTROLLER 


NN ADDRESS, 


ADDRESS, WE, LOCK 
(\__L\ 
WS 
V 


74AS244 74AS244 
OCTAL OCTAL 

TRI=STATE TRI=STATE 

i (a Peer 


TRANSCEIVERS TRANSCEIVERS 
DATA BUS 


*DBEA = DATA BUFFER ENABLE FOR PORT A 
TL/F/8678-7 
FIGURE 7. Dual Port Interface 
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ARFRO 
> 
CLOCK 
ze 
REQA 
| 
WINA 
> 
AREQB GTORFSH GTORFSH 
> > 
toek RASIN 
> 
19 cee 
| | REQA 2 18 RASIN = 
mar = [| Win 3 17_ GRNTA ane 
REQB 16 GRNTB cell 
ae 15 GRNTRE | | 
——— GRNTRF 
14 GRNTID =~ 
— GRNTID 
12 CSA ~ 
i 
WAITA 


~< 
EI 
Q 
rN 
wo 


ie OE ~~ OE 
CSA > 
= ; — 
XACKB 
GRNTB 


TL/F/8678-8 
FIGURE 8. Dual Port PAL Controller Diagram 






XACKB oe 
(PAL OUTPUT) © CWAITB 


O SCWAITB 





PORT B 
© SYSTEM 
CLOCK 


ASYNCHRONOUS 
REQB 


TL/F/8678-9 
FIGURE 9. Asynchronous Port B transfer acknowledge (‘““XACKB”) synchronizes circuit to produce “CWAITB” 
synchronous with the Port B clock “CTTL” (“SCWAITB”) 
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AN-436 


CLOCK 
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GTORFSH 


GRNTRF 
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ia 


WAITA 


GTOA 
GRNTA 
AREQB 

REQB 
XACKB 

GTOB 
GRNTB 

GRNTID 

RASIN 


LOCK 


ADDRESS 
(34:1 | 


REFRESH WITH PORT B READ ACCESS 
PORT A READ ADDRESS PORT B REQUEST PENDING] WITH PORT A REQUEST PENDING 


PORT A WRITE ACCESS 


ee 


Par 
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Pee 
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RECT 
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|| 
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FIGURE 10. Dual Port Timing 
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PORT B READ ACCESS PORT A READ ACCESS 
WITH PORT A REQUEST PENDING | PORT A WRITE ACCESS (NO WAIT STATES) 


= UU 
Secale esi eee Medd 


ee a 
pe 


ee Ei te ee ee SH 


REQA 

;nAnAroeaia 
. ie 
= —_——— | 
TT 
- _ om 

SERSRaE 

Po iat SCERAEEEE 
: LOCO 


SEP-NV 


GRNTB if 


XACKB i 
e <cnnn" STi 


GRNT1D aN ——. eH | 


ate 
mea OSCAR 


=P EEC 


“Gu 04426220 40000802 60000806 


NOTICE RASIN STARTS ONE HALF PERIOD LATER DURING WRITE ACCESSES 
TL/F/8678=11 
FIGURE 11. Dual Port Timing 
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Section 4 
Memory Drivers and Support 
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National 
YY Semiconductor 
Corporation 


DP84240/DP84244 Octal TRI-STATE® MOS Drivers 


General Description Features 


The DP84240 and DP84244 are octal TRI-STATE drivers ™ tp specified with 250 pF and 500 pF loads 

which are designed for heavy capacitive load applications m Output specified from 0.8V to 2.7V 

such as fast data buffers or as memory address drivers. The im Designed for symmetric rise and fall times at 500 pF 
DP84240 is an inverting driver which is pin-compatible with — m Outputs glitch free at power up and power down 
both the 74S240 and AM2965. The DP84244 is anon-in- gw PNP inputs reduce DC loading on bus lines 

verting driver which is pin-compatible with the 748244 and 
AM2966. These parts are fabricated using an oxide isolation 
process, for much faster speeds, and are specified for 
250 pF and 500 pF load capacitances. 


prcr8sdd/0Peresdd 


m Low static and dynamic input capacitance 

m Low skew times between edges and pins 

m AC parameters specified with all outputs switching 
simultaneously 


Connection Diagram Truth Table 


Pare Bea 
a 


DP84240 


H = High Level 
L = Low Level 
X = Don't Care 
Z = High tmpedance 


TL/F/5219-1 
Top View 


Order Number DP84240J or DP84240N 
See NS Package Numbers J20A or N20A 


DP84244 


ae ee 


TL/F/5219-2 
Top View 


Order Number DP84244J or DP84244N 
See NS Package Numbers J20A or N20A 





DP84240/DP84244 


Absolute Maximum Ratings (note 1) Operating Conditions 
Specifications for Milltary/Aerospace products are not Min Max Units 
contained In this datasheet. Refer to the associated Voc Supply Voltage 4.5 5.5 Vv 
reliability electrical test specifications document. Ta Ambient Temperature 0 +70 °C 
Supply Voltage, Voc 7.0V 
Logical “1” Input Voltage 7.0V 
Logical “0” Input Voltage —1.5V 
Storage Temperature Range —65°C to + 150°C 
Power Dissipation 
Cavity Package 1150 mw 
Molded Package 1300 mw 
Lead Temperature (soldering, 10 sec.) 300°C 


Electrical Characteristics Voc = 5v +10%, 0 < Ta < 70°C. (Notes 2 and 3.) 


(aaiaaianal > aes mee eet aes 
Vane | new Canp votes | _iw=~rema | ——* 


VoH Logical “‘1"’ Output Voltage lon = —100 pA Voc-1.15 Vv 
lon = —1mA Voc —1.5 


VoL Logical “0” Output Voltage lo. = 10 pA V 
lol = 12 mA 


lip Logical “1” Drive Current Vout = 1.5V | = -75 | 250 | om 
lop Logical “O” Drive Current Vout = 1.5V | +100 =| +150 | [mA 
Hi-Z TRI-STATE Output Current | 0.4V < Vour < 2.7V | | +400 pA 


loc Supply Current All Outputs Open 
DP84240 All Outputs High 16 50 
All Outputs Low 74 125 
All Outputs Hi-Z 80 125 
pps4244 All Outputs High 40 75 mA 
All Outputs Low 100 130 
All Outputs Hi-Z 115 150 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: All currents into device pins shown as positive; all currents out of device pins shown as negative; all voltages referenced to ground unless otherwise noted. 
All values shown as max. or min. are on an absolute value basis. 

Note 3; Typical characteristics are taken at Voc = 5.0V and Ta = 25°C. 

Note 4: The output-to-output skew is primarily a function of the number of outputs switching and the capacitive loading on those outputs. See Figures 5 and 6 for 
the switching time variations. 











Switching Characteristics Voc = 5V +10%, 0 < Ta < 70°C, all outputs loaded with specified load capaci- 


tance and all eight outputs switching simultaneously. (Note 3.) 
| typ_| Max | 


Conditions Min _| 
Propagation Delay from Figures 1&3 CL = 250 pF 27 
LOW-to-HIGH Output C, = 500 pF 33 
Propagation Delay from Cy. = 250 pF 9 
HIGH-to-LOW Output C_ = 500 pF 12 
Output Disable Time fromLOw | Figures2&4,S=1,C,=50pF | | 11 | 24 | 
Output Disable Time from HIGH Figures 2&4,S = 2,C, = 50 pF |] ta |e 
Output Enable Time to LOW Figures2&4,S=1,C,=500pF | | 30 | 45 | 


Output Enable Time to HIGH Figures2&4,S=2,C,=500pF | | 23 | 35 | 
Output-to-Output Skew (Note 4) Figures 1 & 3, CL = 500 pF a 2 Sa 






Symbol! 









tPLH 











Capacitance Tj = 25°C, f = 1 MHz, Voc = 5V + 10%. (Note 3.) 


|Parameter| __Conditions__| Typ | Units. 
[On | alother inputs TiedLow | 6 | pF _ 
[Cour ___[ Outputin TRISTATE Mode | 20 | pF _| 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actua! device 
operation. 

Note 2: All currents into device pins shown as positive; all currents out of device pins shown as negative; all voltages referenced to ground unless otherwise noted. 
All values shown as max. or min. are on an absolute value basis. 

Note 3: Typical characteristics are taken at Voc = 5.0V and Ta = 25°C. 

Note 4: The output-to-output skew is primarily a function of the number of outputs switching and the capacitive loading on those outputs. See Figures 5 and 6 for 
the switching time variations. 
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DP84240/DP84244 


Switching Test Circuits 


FROM 
DEVICE 
OUTPUT 


SESE TL/F/5219-4 
*C_ INCLUDES PROBE AND JIG CAPACITANCES 


FIGURE 1. Capacitive Load Switching FIGURE 2. TRI-STATE Enable/Disable 


Typical Switching Characteristics 


Voltage Waveforms 
ENABLE 
INPUT 


tr=tf=2.5ns etj= 
=2.5Mit2 (Mn 
tow =200 ns tpw=800 ns 
TL/F/5219-5 TL/F/5219-6 
FIGURE 3. Output Drive Levels FIGURE 4. TRI-STATE Control Levels 


wwe | 71 | wt ff J 


Voc =5.0V 
Tole Ope 
aoe VL TT 
SWITCHING Tea 
| | | A /{acoureurs 
| 


~ 
a 
e 


eis 
SWITCHING VV} | ft 
f| _/{ ALL ourPUTS 


Palle 
TTT TLL [smuttancousvy 


SWITCHING 
SIMULTANEOUSLY 


CL—LOAD CAPACITANCE (pF) 
C_—LOAD CAPACITANCE (pF) 


tpLy (NS) tPHL (NS) 
TL/F/5219-7 TL/F/5219-8 
FIGURE 5. tp_y Measured to 2.7V on Output vs. C, FIGURE 6. tpy_ Measured to 0.8V on Output vs. C_ 





Typical Switching Characteristics (continued) 


1400 
1200 


pyersdd/0Persda 


PT—TOTAL POWER DISSIPATION (mW) 
PT—TOTAL POWER DISSIPATION (mW) 


2.0 3.0 : . 1.0 2.0 3.0 4.0 
{FREQUENCY (MHz) {—FREQUENCY (MHz) 
TL/F/5219-9 TL/F/5219-10 


FIGURE 7. Typical Power Dissipation for DP84240 at FIGURE 8. Typical Power Dissipation for DP84244 at 
Vec = 5.5V (All 8 drivers switching simultaneously) Vec = 5.5V (All 8 drivers switching simultaneously) 


Typical Application 


DP84244 used as a buffer in a large memory array (greater than 88 dynamic RAMs) 


DYNAMIC 
RAI 
BOARDS 


DP8408A/9A 
DYNAMIC 


RAM 
CONTROLLER DYNAMIC 
RAM 
BOARDS 


DYNAMIC 


RAN UP TO 72 
BOARDS BIT 


-DATA BUS 
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DS0025C 


National 
Semiconductor 
Corporation 


PRELIMINARY 


DS0025C Two Phase MOS Clock Driver 


General Description 


The DS0025C is a monolithic, low cost, two phase MOS 
clock driver that is designed to be driven by TTL line drivers 
or buffers such as the DS8830 or DM7440. Two input cou- 
pling capacitors are used to perform the level shift from TTL 
to MOS logic levels. Optimum performance in turn-off delay 
and fall time are obtained when the output pulse is logically 
controlled by the input. However, output pulse width may be 
set by selection of the input capacitor eliminating the need 
for tight input pulse control. 


Connection Diagrams 


Metal Can Package 


ee 
aN 
output a (1) o (7) outputs 
AA 
Y) (s) 
) 
3 


INPUT A INPUT B 





TL/F/5852-1 
Note: Pin 4 connected to case. 
Top View 
Order Number DS0025CH 
See NS Package Number H08C 


Features 

8-lead TO-5 or 8-lead or 14-lead dual-in-line package 
High Output Voltage Swings—up to 25V 

High Output Current Drive Capability—up to 1.5A 
Rep. Rate: 1.0 MHz into > 1000 pF 

Driven by DS8830, DM7440 


a 
| 
| 
r 
a 
m “Zero” Quiescent Power 


Dual-In-Line Package 


INPUT A 7 OUTPUTA 


INPUT B 5 OUTPUT B 


TL/F/5852-2 


Top View 
Order Number DS0025CJ-8 


or DS0025CN 
See NS Package Number JO8A or NO8E 


Dual-In-Line Package 


OUTB 


NC NC QUTA 


INB NC NC 


INA NC 
TL/F/5852-3 


Top View 


Order Number DS0025CJ 
See NS Package Number J14A 





=] 
Absolute Maximum Ratings (note 1) Recommended Operating 4 
enseeauans et pial etn as aaah 7 sa Conditions me 
contained in this datasheet. Refer to the associate SE Ayorre ; 
reliability electrical test specifications document. | Nor We SB rennalyoliegs avy 
(V+ — V-)Voltage Differential 25V Min Max 
Temperature 0 70 

Input Current 100 mA ; ane 
Peak Output C t 1.5A Maximum Power Dissipation* at 25°C 

Siabaicleg paged ; 8-Pin Cavity Package 1150 mW 
Storage Temperature —65°C to + 150°C 14-Pin Cavity Package 1410 mW 
Operating Temperature 0°C to + 85°C Molded Package 1080 mW 
Lead Temperature (Soldering, 10 sec) 300°C Metal Can (TO-5) Package 670 mW 


* Derate 8-pin cavity package 7.8 mW/°C above 25°C; de- 
rate 14-pin cavity package 9.5 mW/°C above 25°C; derate 
molded package 8.7 mW/°C above 25°C; derate metal 
can (TO-5) package 4.5 mW/°C above 25°C. 


Electrical Characteristics (Notes 2 and 3) See test circuit. 


| ___— Parameter = |_—S——————sCondiitions = |_—sMin_ (| Typ_| Max __ 
Tum-On Delay Time Cin = 0.001 pF, Rin = 00,0. =0.001pF| = | ts | 0 
Cin = 0.001 pF,Rin= 09,0. =0.001pF] «| 25 | 50 


Turn-Off Delay Time Cin = 0.001 pF, Rin = ON, CL = 0.001 pF 
(Note 4) 


Fall Time Cin = 0.001 pF, Rin = 02, | Notes) | 60 | 90 | 120 | 
SOU Notes) | too | 150 | 250 | 


Pulse Width (50% to 50%) Cin = 0.001 pF, Rin = 02, 
C_ = 0.001 pF (Note 5) 


Positive Output Voltage Swing | Vin = OV, lour = —1mA v+-o7v| | 
Negative Output Voltage Swing | ly = 10 mA, loyr = 1mA es eo V— +0.7V | V- +1.5V 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range” | 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 

operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to 70°C range for the DS0025C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 

as max or min on absolute value basis. | 
Note 4: Parameter values apply for clock pulse width determined by input pulse width. 

Note 5: Parameter values for input width greater than output clock pulse width. 





Timing Diagram 





5V 
A. Input pulse width Vv 
> clock pulse is 
width OV 
5V 
B. Input pulse width 
sets clock pulse 
width ov 
Clock pulse V3 = OV 
output 
Input waveform: Vv 
PRR = 0.5 MHz ouT 
Vp.p = 5.0V 
ty = tp < 10ns 90% 90% ; is 
Pulse width: e13 
A. 1.0 ws 
B. 200 ns =a 
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DS0025C 


Typical Application 


o4 





TL/F/5852-4 


AC Test Circuit 










Cin 



























1000 pF 
= © Vout 2 
TL/F/5852-6 
*Q1 is selected high speed NPN switching transistor. 
Typical Performance 
Transient Power vs Rep. Rate DC Power ee vs Duty Cycle 
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TL/F/5852-7 DUTY CYCLE (%) 
Pac = (V+-V-)21G meee ilesh a el 2S) 
1k 
Maximum Load Capacitance Output PW Controlled by Cin 
4 OUTPUT PULSE WITH YS: Cin FOR LONG 1 | | 
FOR INPUT PULSE <85 + RoCy In wt + 
= 900 OUTPUT PULSE WIETH = INPUT PULSE WIDTH 7 
< 
D eee 
= L | | 0M932 DRIVER D4 DM7440 Ltt 
= oo LL HY | ier | | 
= PT i tA | LP eee 
ew eer 
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TL/F/5852-9 TL/F/5852-10 
6 (Pmax) (1k)-(V+ — V-)2 (DC) . Alpe) (te) Imax = Peak Current delivered by driver 
c (f) (1k) (VF — V-)2 eae ~V~ hen WBE = 08 
MINRY tk 
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Applications Information 
Circuit Operation 


Input current forced into the base of Q; through the cou- 
pling capacitor Cjy causes Q, to be driven into saturation, 
swinging the output to V— + Vog(sat) + Vpiode- 


When the input current has decayed, or has been switched, 
such that Q, turns off, Qo receives base drive through Ra, 
turning Qo on. This supplies current to the load and the 
output swings positive to V+ —Vee. 


y- 

TL/F/5852-11 
FIGURE 1. DS0025 Schematic (One-Half Circuit) 

It may be noted that Q; must switch off before Qo begins to 

supply current, hence high internal transients currents from 

V- to Vt cannot occur. 

Fan-Out Calculation 

The drive capability of the DS0025 is a function of system 

requirements, i.e. speed, ambient temperature, voltage 

swing, drive circuitry, and stray wiring capacity. 

The following equations cover the necessary calculations to 

enable the fan-out to be calculated for any system condi- 

tion. 

Transient Current 

The maximum peak output current of the DS0025 is given 

as 1.5A. Average transient current required from the driver 

can be calculated from: 


|= CLV+-V") 4 
tr 


Typical rise times into 1000 pF load is 25 ns. For V+ — V- 
= 20V,! = 0.8A. 


Transient Output Power 
The average transient power (Pg-) dissipated, is equal to 
the energy needed to charge and discharge the output ca- 
pacitive load (C,) multiplied by the frequency of operation 
(f). 

Pac = CLx(Vt+-V-)2xf (2) 
For V+ — V— = 20V,f = 1.0 MHz, C, = 1000 pF, Pac = 
400 mW. 
Internal Power 
“0” State Negligible (<3 mW) 
“1” State 
—_ WVt-Vv-2 
in 

= 80 mW for V+-V-— = 20V, DC = 20% 

Package Power Dissipation 


Total average power = transient output power + internal 
power. 


x Duty Cycle 


Example Calculation 


How many MM506 shift registers can be driven by a 
DS0025CN driver at 1 MHz using a clock pulse width of 200 
ns, rise time 30-50 ns and 16V amplitude over the tempera- 
ture range 0°-70°C? 

Power Dissipation: 

At 70°C the DSO0025CN can dissipate 870 mW when sol- 
dered into printed circuit board. 

Transient Peak Current Limitation: 

From equation (1), it can be seen that at 16V and 30 ns, the 
maximum load that can be driven is limited to 2800 pF. 
Average Internal Power: 

Equation (3), gives an average power of 50 mW at 16V and 
a 20% duty cycle. 

For one-half of the DS0025C, 870 mW + 2can be dissipat- 
ed. 

435 mW = 50 mW + transient output power. 

385 mW = transient output power. 

Using equation (2) at 16V, 1 MHz and 350 mW, each half of 
the DSO025CN can drive a 1367 pF load. This is less than 


the load imposed by the transient current limitation of equa- 
tion (1) and so a maximum load of 1367 pF would prevail. 


From the. data sheet for the MM506, the average clock 
pulse load is 80 pF. Therefore the number of devices driven 
is 1367/80 or 17 registers. 

For further information please refer to National Semicon- 
ductors Application Note AN-76. 
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DS0026/DS0056 


National 
Semiconductor 
Corporation 


DS0026/DS0056 5 MHz Two Phase MOS Clock Drivers 


General Description 


DS0026/DS0056 are low cost monolithic high speed two 
phase MOS clock drivers and interface circuits. Unique cir- 
cuit design provides both very high speed operation and the 
ability to drive large capacitive loads. The device accepts 
standard TTL outputs and converts them to MOS logic lev- 
els. They may be driven from standard 54/74 series and 
54S/74S series gates and flip-flops or from drivers such as 
the DS8830 or DM7440. The DS0026 and DS0056 are in- 
tended for applications in which the output pulse width is 
logically controlled; i.e., the output pulse width is equal to 
the input pulse width. 

The DS0026/DS0056 are designed to fulfill a wide variety of 
MOS interface requirements. As a MOS clock driver for long 
silicon-gate shift registers, a single device can drive over 
10k bits at 5 MHz. Six devices provide input address and 
precharge drive for a 8k by 16-bit 1103 RAM memory sys- 
tem. Information on the correct usage of the DS0026 in 
these as well as other systems is included in the application 
note AN-76. 

The DS0026 and DS0056 are identical except each driver in 
the DS0056 is provided with a Vgg connection to supply a 
higher voltage to the output stage. This aids in pulling up the 


Connection Diagrams (top Views) 


TO-5 Package Dual-In-Line Package 


NC OUTA v* OUTB 


TL/F/5853~1 
Note: Pin 4 connected to case. NC INA Vs INB 
Order Number 
DS0026H or DS0026CH 
See NS Package 
Number H08C 


or DSOO26CN 
See NS Package Number 
JO8A or NO8E 


TO-5 Package 


TL/F/5853-5 
Note: Pin 4 connected to case. 
Order Number 
DS0056H or DSO056CH 
See NS Package 
Number H08C 


TL/F/5853-2 
Order Number DS0026CU-8, 


Dual-In-Line Package 


ouTa vt 


Vesa INA 


Order Number DS0056U-8, 
DS0056CJ-8 or DSOO56CN 
See NS Package Number 
JO8A or NO8E 


output when it is in the high state. An external resistor tied 
between these extra pins and a supply higher than V+ will 
cause the output to pull up to (V+ — 0.1V) in the off state. 
For DSO056 applications, it is required that an externa! re- 
sistor be used to prevent damage to the device when the 
driver switches low. A typical Vag connection is shown on 
the next page. 

These devices are available in 8-lead TO-5, one watt copper 
lead frame 8-pin mini-DIP, and one and a half watt ceramic 
DIP, and TO-8 packages. 


Features 

w Fast rise and fall times—20 ns 1000 pF load 

m High output swing—20V 

@ High output current drive—+ 1.5 amps 

@ TTL compatible inputs 

m@ High rep rate—5 to 10 MHz depending on power dissi- 
pation 

m Low power consumption in MOS “0” state—2 mW 

w Drives to 0.4V of GND for RAM address drive 


TO-8 Package Dual-In-Line Package 


OUTA we INA Vv 
TL/F/5853-4 
Order Number 
DS0026J or DS0026CU 
See NS Package 
Number J14A 


TL/F/5853-3 
Order Number 
DS0026G or DS0026CG 
See NS Package 
Number G12C 


Dual-In-Line Package 


Vesa OUTS Vesa OUTB NC INB NC NC 


vr INB 
GUTA wc INA v 
TL/F/5853-7 
Order Number DS0056J 
or DS0056CJ 
See NS Package Number J14A 


Vesa 


TL/F/5853-6 NE 
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Absolute Maximum Ratings (note 1) 


Specifications for Military/Aerospace products are not Molded Package 1040 mW 
contained in this datasheet. Refer to the associated Metal Can (TO-5) 660 mW 
reliability electrical test specifications document. Operating Temperature Range 
Vt — V-~- Differential Voltage 22V DS0026, DSO056 — 55°C to + 125°C 
Input Current 100 mA DS0026C, DS0056C 0°C to + 70°C 
Input Voltage (Vin — V~-) 5.5V Storage Temperature Range —65°C to + 150°C 
Peak Output Current 1.5A Lead Temperature (Soldering, 10 sec.) 300°C 
Maximum Power Dissipation* at 25°C * Derate 8-pin cavity package 7.7 mW/°C above 25°C; derate 14-pin cavity 
Cavity Package (8-Pin) 1150 mW package 9.3 mW/°C above 25°C; derate molded package 8.4 mW/°C 
Cavity Package (1 4-Pin) 1380 mW above 25°C; derate metal can (TO-5) package 4.4 mW/°C above 25°C. 


Electrical Characteristics (notes 2 and 3) 


| Parameter | Conditions_ =| Min | typ | Max _ 
Logic “1” Input Voltage 7~ =0V Pn ee ae 
Logic "1" InputGurrent_|viv=v-=24v to 
Logic “o" InputVoltage [v-=ov Tt 
Vi = V= = OV os ee ee 
Logio“1" OutputVoltage | Vin=V- = 24V,lo.=ima | | v0.7 | vo+ 1.0 | 
Logic “0” Output Voltage ima nai vess V* + 6av pare v= so fyinae 
(cigs) oe josooss| v+-os|v+-o1] 
“ON” Supply Current Vt —V~- = 20V, Vin — V7 = 2.4V !psoozs| = | 30-—«Ys aosi*' 
(one side on) (Note 6) psooss| «|| 12st sao s—*" 
pees [ors ete 
wey jasc | | to | 500 | 


Switching Characteristics (1, = 25°C) (Notes 5 and 7) 


Symbol_|  Parameter__| Conditions| oMin__|Typ_| Max | Units 
ton Tum-OnDelay | (Figure) | 8 | ts | | ns 

YG 
torr | Twmotoeey | grey te fe ns 


(Figure 2) a ee ee ee 

ts Rise Time figuey, | G=soopr | | 15 | 18 | as 
Notes) | Gqetooopr | | 2 | 33 | ne 

| ca =soopr | | 30 | 40 | ns 

qwotes) [c= 0008 | | a6 | 60 | ms 

t Fall Time figures), | G=s00r | | 12 | 16 | as 
Sean ml URES a LA Ue 

Figure2, | G=s00pF | |__| 35 | ns 

Wores) | =tooopr [| | 31 | 4 | ns 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics provides conditions for actual device 
operation. 


Note 2: These specifications apply for V+ — V~ = 10V to 20V, CL = 1000 pF, over the temperature range of —55°C to + 125°C for the DS0026, DS0056 and 
0°C to +70°C for the DS0026C, DSO056C. 


Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 


Note 4: All typical values for Ta = 25°C. 
Note 5; Rise and fall time are given for MOS logic levels; i.e., rise time is transition from logic “0” to logic “1” which is voltage fall. 
Note 6: Ipp for DS0056 is approximately (Veg — V—)/1 kf (for one side) when output is low. 


Note 7: The high current transient (as high as 1.5A) through the resistance of the internal interconnecting V— lead during the output transition from the high state to 
the low state can appear as negative feedback to the input. If the external interconnecting lead from the driving circuit to V— is electrically long, or has significant de 
resistance, it can subtract from the switching response. 




















ICc(ON) 









ICC(OFF) 
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DS0026/DS0056 


Typical Vgp Connection 





Ves 2+8V 


V=-12V 


Typical Performance Characteristics 


INPUT CURRENT (mA) 


Input Current vs Input Voltage 


SRE RE RP, 
SRR MERA 
i ee 
ESRene ae 
ne=4ne 
Ee Wa ee 
at 2 ee 
PY OR ae 











oc 4 hm 


-2 
-6 


-6 
-1.0-05 0 08 









SUPPLY CURRENT (mA) 


10 15 20 25 


INPUT VOLTAGE (V) 


RISE TIME (ns) 


APACITANCE, Cw (pF) 


RECOMMENDED COUPLIN 





Rise Time vs Load 
Capacitance 
40 


30 


20 





6 200 400 600 800 1000 1200 


LOAD CAPACITANCE (pF) 


TEMPERATURE (°C) 


Recommended Input Coding 


Capacitance 


Ta = 25°C 
C, = 1000 pF 
LOGICALLY CONTROLLED 


0 : 
0 100 200 300 400 500 600 700 800 
OUTPUT PULSE WIDTH (ns) 
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in 
[| <i] Vora Ve 
il oe 


6.0" 
-75 -50 -25 0 25 50 75 100 125 





FALL TIME (ns) 


POWER (mW) 


6 200 


TL/F/5853-8 


Supply Current vs Temperature 


urvevcre=20% | | | | 


o = 
a 
C.=0 
Ve-Vo= re 


TURN-ON, TURN-OFF DELAY (ns) 





Turn-On and Turn-Off Delay 
PAK Temperature 


Cin = Cy = 1000 pF 
54500 ON INPUT 
(FIGURE 2) 

50-25 0 


25 50 75 100 125 


TEMPERATURE (°C) 


Fall Time vs Load 
Capacitance 


AC TEST CIRCUIT 


FIGURE 2) 


fae | 
Vt 


AC TEST CIRCUIT 
(FIGURE 1) 





400 600 800 1000 1200 


LOAD CAPACITANCE (pF) 


DC Power (Ppc) vs 


Duty Cycle 


Ty = 25°C 





0 10 20 30 40 50 60 70 80 
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Schematic Diagrams 


1/2 DS0026 


9500S0/9200SG 






EXTERNAL 
Cw 
INPUT 
o—| foo 


© OUTPUT 
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1/2 DS0056 


EXTERNAL 


ofp 
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DS0026/DS0056 


AC Test Circuits and Switching Time Waveforms 


+20V 
+5V INPUT 






it = = ae aes 


ouTPUT 
c 

Vin = 5V t 

PRE = 1 MHz 1000 pF 

PW = 0.5 us — L _ 

tt <s10ns I 


FIGURE 1 
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+20V 


PULSE GEN 
iNPUT 


0M74S00 





Cw 
1000 pF 





0-3V 
Leys Ons 


—e! —e! tt jae 
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FIGURE 2 
Typical Applications 
DC Coupled RAM Memory Address or Precharge 
AC Coupled MOS Clock Driver Driver (Positive Supply Only) 
+6V +1IV 
100 pF O 







TWO PHASE CLK TO ADDRESS 
T LINES ON 


MEMORY SYSTEM 


OS0026CN 


0S0026CN 


‘0 SHIFT 
REGISTERS OR RAMS 


54/74 SERIES 


GATES AND FLOPS 1/2 OM7408 
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Application Hints 
DRIVING THE MM5262 WITH THE 


DS0056 CLOCK DRIVER 

The clock signals for the MM5262 have three requirements have the potential of causing the memory system to mal- 
which have the potential of generating problems for the function. Recognizing the source and potential of these 
user. These requirements, high speed, large voltage swing problems early in the design of a memory system is the 
and large capacitive loads, combine to provide ample op- most critical step. The object here is to point out the source 
portunity for inductive ringing on clock lines, coupling clock of these problems and give a quantitative feel for their mag- 
signals to other clocks and/or inputs and outputs and gen- nitude. 


erating noise on the power supplies. All of these problems 
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Application Hints (continuea) 


Line ringing comes from the fact that at a high enough fre- 
quency any line must be considered as a transmission line 
with distributed inductance and capacitance. To see how 
much ringing can be tolerated we must examine the clock 
voltage specification. Figure 6 shows the clock specifica- 
tion, in diagram form, with idealized ringing sketched in. The 


Vsg?t 


Vss 
V5 - 1 
*Veoainy 


Von +1 
Yoo 
Voo -1 
*Vr min) = Minimum threshold voltage. 
TL/F/5853-18 
FIGURE 6. Clock Waveform 
ringing of the clock about the Vgsg level is particularly critical. 
If the Vss — 1 Vox is not maintained, at a// times, the infor- 


EXTERNAL 


ips 





mation stored in the memory could be altered. Referring to 
Figure 1, if the threshold voltage of a transistor were — 1.3V, 
the clock going to Vss — 1 would mean that all the devices, 
whose gates are tied to that clock, would be only 300 mV 
from turning on. The internal circuitry needs this noise mar- 
gin and from the functional description of the RAM it is easy 
to see that turning a clock on at the wrong time can have 
disastrous results. 


Controlling the clock ringing is particularly difficult because 
of the relative magnitude of the allowable ringing, compared 
to magnitude of the transition. In this case it is 1V out of 20V 
or only 5%. Ringing can be controlled by damping the clock 
driver and minimizing the line inductance. 


Damping the clock driver by placing a resistance in series 
with its output is effective, but there is a limit since it also 
slows down the rise and fall time of the clock signal. Be- 
cause the typical clock driver can be much faster than the 
worst case driver, the damping resistor serves the useful 
function of limiting the minimum rise and fall time. This is 
very important because the faster the rise and fall times, the 
worse the ringing problem becomes. The size of the damp- 


Vea 


TL/F/5853-11 


FIGURE 7. Schematic of 1/2 DS0056 
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DS0026/DS0056 


Application Hints (continued) 


ing resistor varies because it is dependent on the details of 
the actual application. It must be determined empirically. In 
practice a resistance of 102 to 202 is usually optimum. 


Limiting the inductance of the clock lines can be accom- 
plished by minimizing their length and by laying out the lines 
such that the return current is closely coupled to the clock 
lines. When minimizing the length of clock lines it is impor- 
tant to minimize the distance from the clock driver output to 
the furthest point being driven. Because of this, memory 
boards are usually designed with clock drivers in the center 
of the memory array, rather than on one side, reducing the 
maximum distance by a factor of 2. 


Using multilayer printed circuit boards with clock lines sand- 
wiched between the Vpp and Vss power plains minimizes 
the inductance of the clock lines. It also serves the function 
of preventing the clocks from coupling noise into input and 
output lines. Unfortunately multilayer printed circuit boards 
are more expensive than two sided boards. The user must 
make the decision as to the necessity of multilayer boards. 
Suffice it to say here, that reliable memory boards can be 
designed using two sided printed circuit boards. 


The recommended clock driver for use with the MM4262/ 
MM5262 is the DSO0056/DS0056C dual clock driver. This 
device is designed specifically for use with dynamic circuits 
using a substrate, Vga, supply. Typically it will drive a 1000 
pF load with 20 ns rise and fall times. Figure 7 shows a 
schematic of a single driver. 

In the case of the MM5262, V+ is a +5V and Vpp is 
+8.5V. Vep should be connected to the Vpp pin shown in 
Figure 7 through a 1 kf. resistor. This allows transistor Q8 to 


+5V 


Vour 


~15V 


20 ns——> ~-—— 20 ns 


1 AMP 


-1 AMP 


+8.5V 





~-15V 
: C, x AV Ves 





1 
ae 


10°F - 20V . 


Pep dl LL 
20 x 1079 sec : 
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FIGURE 8. Clock Waveforms (Voltage and Current) 


saturate, pulling the output to within a Vcersar) of the V+ 
supply. This is critical because as was shown before, the 
Vss — 1.0V clock level must not be exceeded at any time. 
Without the Vggz pull up on the base of Q8 the output at best 
will be 0.6V below the V+ supply and can be 1V below the 
V+ supply reducing the noise margin on this line to zero. 


Because of the amount of current that the clock driver must 
supply to its capacitive load, the distribution of power to the 
clock driver must be considered. Figure 8 gives the ideal- 
ized voltage and current waveforms for a clock driver driving 
a 1000 pF capacitor with 20 ns rise and fall time. 


As can be seen the current is significant. This current flows 
in the Vpp and Vsgs power lines. Any significant inductance 
in the lines will produce large voltage transients on the pow- 
er supplies. A bypass capacitor, as close as possible to the 


. Clock driver, is helpful in minimizing this problem. This by- 
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pass is most effective when connected between the Vss 
and Vpp supplies. A bypass capacitor for each DS0056 is 
recommended. The size of the bypass capacitor depends 
on the amount of capacitance being driven. Using a low 
inductance capacitor, such as a ceramic or silver mica, is 
most effective. Another helpful technique is to run the Vpop 
and Vgg lines, to the clock driver, adjacent to each other. 
This tends to reduce the lines inductance and therefore the 
magnitude of the voltage transients. 


While discussing the clock driver, it should be pointed out 
that the DS0056 is a relatively low input impedance device. 
It is possible to couple current noise into the input without 
seeing a significant voltage. Since the noise is difficult to 
detect with an oscilloscope it is often overlooked. 


Lastly, the clock lines must be considered as noise genera- 
tors. Figure 9 shows a clock coupled through a parasitic 
coupling capacitor, Cc, to eight data input lines being driven 
by a 7404. A parasitic lumped line inductance, L, is also 
shown. Let us assume, for the sake of argument, that Cc is 
1 pF and that the rise time of the clock is high enough to 
completely isolate the clock transient from the 7404 be- 
cause of the inductance, L. 





Vss 
TL/E/5853-20 


FIGURE 9. Clock Coupling 


With a clock transition of 20V the magnitude of the voltage 
generated across CL is: 


oc _ u 

CL + Co 56 +1 
This has been a hypothetical example to emphasize that 
with 20V low rise/fall time transitions, parasitic elements 
can not be neglected. In this example, 1 pF of parasitic 
capacitance could cause system malfunction, because a 
7404 without a pull up resistor has typically only 0.3V of 





V = 20V X = 2ov x ( ) = ossv 


Application Hints (Continued) 


noise margin in the “1” state at 25°C. Of course it is stretch- 
ing things to assume that the inductance, L, completely iso- 
lates the clock transient from the 7404. However, it does 
point out the need to minimize inductance in input/output as 
well as clock lines. 


The output is current, so it is more meaningful to examine 
the current that is coupled through a 1 pF parasitic capaci- 
tance. The current would be: 
AV 1X 10712 x 20 
|= Co X — = ——— > = 1mMA 
oe at 20 X 10-9 

This exceeds the total output current swing so it is obviously 
significant. 
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Clock coupling to inputs and outputs can be minimized by 
using multilayer printed circuit boards, as mentioned previ- 
ously, physically isolating clock lines and/or running clock 
lines at right angles to input/output lines. All of these tech- 
niques tend to minimize parasitic coupling capacitance from 
the clocks to the signals in question. 


In considering clock coupling it is also important to have a 
detailed knowledge of the functional characteristics of the 
device being used. As an example, for the MM5262, cou- 
pling noise from the #2 clock to the address lines is of no 
particular consequence. On the other hand the address in- 
puts will be sensitive to noise coupled from 1 clock. 
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National 
Semiconductor 
Corporation 


DS3245 Quad MOS Clock Driver 


General Description 


The DS3245 is a quad bipolar-to-MOS clock driver with TTL 
compatible inputs. It is designed to provide high output cur- 
rent and voltage capabilities necessary for optimum driving 
of high capacitance N-channel MOS memory systems. 


Only 2 supplies, 5 Voc and 12 Voc, are required without 
compromising the usual high Vox specification obtained by 
circuits using a third supply. 

The device features 2 common enable inputs, a refresh in- 
put, and a clock contro! input for simplified system designs. 
The circuit was designed for driving highly capacitive loads 
at high speeds and uses Schottky-clamped transistors. PNP 
transistors are used on all inputs, thereby minimizing input 
loading. 


Logic and Connection Diagrams 


TL/F/5873=1 


Features 

m@ TTL compatible inputs 

m@ Operates from 2 standard supplies: 5 Voc, 12 Voc 

a Internal bootstrap circuit eliminates need for external 
PNP’s 

@ PNP inputs minimize loading 

@ High voltage/current outputs 

@ Input and output clamping diodes 

@ Control logic optimized for use with MOS memory sys- 
tems 

a Pin and function equivalent to Intel 3245 


Dual-In-Line Package 


TL/F/5873-2 
Top View 


Order Number DS3245J or DS3245N 
See NS Package Number J16A or N16A 
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Absolute Maximum Ratings Operating Conditions 
Specifications for Military/Aerospace products are not Min Max Units 
contained In this datasheet. Refer to the assoclated Supply Voltage, Vcc 4.75 5.25 Vv 
reliability electrical test specifications document. Supply Voltage, Vpp 11.4 12.6 V 
Temperature Under Bias —10°C to + 85°C Operating Temperature 9T,a 0 75 °C 
Storage Temperature —65°C to + 150°C 
Supply Voltage, Voc —0.5V to +7V 
Supply Voltage, Vop —0.5V to + 14V 
All Input Voltages —1.0V to Vop 
Outputs for Clock Driver —1.0V to Vpp + 1V 
Maximum Power Dissipation* at 25°C 

Cavity Package 1509 mW 

Molded Package 1476 mW 


*Derate cavity package 10.1 mW/°C above 25°C; derate molded package 
11.8 mW/°C above 25°C. 


Electrical Characteristics (Notes 2 and 3) 


| Parameter | Conaitiong | Min | Typ | Max 
| SelectinputLoadGurent | Ve=oasv | | 0.28 
| Enable inputLoadCurrent | Ve=oasv | | |= 
| Seecinnttentage Curent | vymey fT tw 
| EnableinputLeskage Curent | Va=sv_ | | 
j Sumetewvetse figs omavneey ff} 
Pos -sm | ve | CT 
Output High Voltage J lon=-imAVi=08v | Voo-0s0 | | | 
pton=sma | Vo + 10 | 
|_InputLow Voltage, alinputs | | 
| InputHigh Voltage, Allinputs | | | 
Voo=Minin=-tama | | -10 | -18 | 


Power Supply Current Drain 


Conditions | Min | Typ | Max 
Current from Voc Voc = 5.25V, 
Output in High State Vop = 12.6V 
Current from Vpp Vec = 5.25V, 
Output in High State Vpp = 12.6V 
Current from Voc Voc = 5.25V, 
Output in Low State Vop = 12.6V 
Current from Vpp Vcc = 5.25V, 13 19 
Output in Low State Vop = 12.6V 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +°C range. All typical values are for Ta = 25°C and Vcc = 5V and Vop = 12V. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 
















VoL 


Vou 








4-21 


SPcesa 


DS3245 


Switching Characteristics 1, = 0°c to +75°C, Voc = 5V 5%, Vop = 12V +5% 


| Parameter | Conditions | 
| Inputto Output Delay | Rscries=0 | 
| DelayPlusRiseTime | Asenics= 0 
[| inputtoOutputDelay | Rscnies= 0 

| Reenes 0 


ee ea 
| DelayPiusFalTime | Rsewes=200 | | as | 


Capacitance 1, = 25°c) 


| Parameter | Conditions| min | Typ | Max _| 





input Capacitance,Tfate | | | 
| InputGapacitanon ELE? | | | Tt 


Note 1: C_ = 150 pF 

Note 2: C_ = 200 pF } These values represent a range of total stray plus clock capacitance for nine 4k RAMs. 

Note 3: C, = 250 pF 

Note 4: Typical values are measured at 25°C. 

Note 5: This parameter is periodically sampled and is not 100% tested. Condition of measurement is f = 1 MHz, Veias = 2V, Voc = OV, and Ta = 25°C. 





AC Test Circuit and Switching Time Waveforms 


R 
| osazas_ | SERIES Input pulse amplitudes: 3V 
Input pulse rise and fall times: 
Cy 5 ns between 1V and 2V 
| Measurements points: see waveforms 


TL/F/5873-3 
Voo 









OUTPUTS 
INPUTS 


TL/F/5873—4 
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Corporation 


DS1628/DS3628 Octal TRI-STATE® MOS Drivers 


General Description 


The DS1628/DS3628 are octal Schottky memory drivers 
with TRI-STATE outputs designed to drive high capacitive 
loads associated with MOS memory systems. The drivers’ 
output (Voy) is specified at 3.4V to provide additional noise 
immunity required by MOS inputs. A PNP input structure is 
employed to minimize input currents. The circuit employs 
Schottky-clamped transistors for high speed. A NOR gate of 
two inputs, DIS1 and DIS2, controls the TRI-STATE mode. 


Schematic and Connection Diagrams 


— 


INTERNAL 
Locic 
CIRCUITRY 


TL/F/5875=1 
(Equivalent Input/Output Circuit) 


Truth Table 





H = high level 

L = tow level 

X = don't care 

Z = high impedance (off) 


Features 
m High speed capabilities 
— Typical 5 ns driving 50 pF & 8 ns driving 500 pF 
mg TRI-STATE outputs 
@ High Vox (3.4V min) 
m@ High density 
— Eight drivers and two disable controls for TRI-STATE 
in a 20-pin package 
m PNP inputs reduce DC loading on bus lines 
@ Glitch-free power up/down 


Dual-in-Line Package 


Top View TL/F/5875-2 


Order Number 
DS1628J, DS3628J, DS3628N 
See NS Package Number J20A or N20A 


Typical Application 


BIT 
RAM 
COLUMN 
ADDAESS 


SELECT 
5 

7-BIT MM5290 

a osisz8 16 DYNAMIC 

— $3628 


| 
! 
i 
| 
MULTIPLEX I 
CONTROL r 
DIS} DIS? 

01628 

| 

| 


053628 


REFRESH 
COUNTER 
C040248 


Reve ey oe oe cme 


TL/F/5875-3 
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DS1628/DS3628 


Absolute Maximum Ratings (note 1) 


Specifications for Military/Aerospace products are not 
contained in this datasheet. Refer to the associated 
reliability electrical test specifications document. 


Supply Voltage 
Logical ‘t” Input Voltage 
Logical ‘O” Input Voltage 


7.0V 
7.0V 
—1.5V 


Storage Temperature Range —65°C to + 150°C 


Maximum Power Dissipation* at 25°C 


Cavity Package 1667 mW 
Molded Package 1832 mW 


Lead Temperature (Soldering, 10 seconds) 


300°C 


*Derate cavity package 11.1 mW/°C above 25°C; derate molded package 


14.7 mW/°C above 25°C. 


Electrical Characteristics (notes 2, 3) 


Symbol Conditions in Tye | Mes Units 
Vinay | Logical “4” Input Voltage SSS 


VIN(O | Logical “0” Input Voltage “0” Input Voltage 224 | 0.8 | 
lina Logical “1” Input Current Voc = 5.5V_ Vin = 5.5V | oT on [40 | 


lino Logical ‘‘O” Input Current Voc = 5.5V Vin = 5.5V 


Votamp | Input Clamp Voltage Voc = 4.5V lin = —18mA | | -07 | 12 | 
VoH Logical “1” Output Voltage | Voc = 4.5V, lon = —10 pA ps1628 faa [49] | 


(No Load) 


VoL Logical “0” Output Voltage | Voc = 4.5V, lo, = 10 pA 
(No Load) 


Vou Logical “1” Output Voltage | Voc = 4.5V, loy = —1.0mA $1628 | 25 | 39 | 
(ith Loa osoeze | a7 | ao | 


VoL Logical “0” Output Voltage | Voc = 4.5V, lo, = 20 mA 


(With Load) 


Operating Conditions 
Min Max 
Supply voltage (Vcc) 4.5 5.5 
Temperature (Ta) 
DS1628 —55 +125 
DS3628 0 +70 


|__| = 180 | -400 | 


jossezs fas | 4a | 
josteze | | 0.25 
Possess | [025 [0 


re fe 
< |[<|<}<i<l</</</§[§ |[<|< 


lip Logical “1”’ Drive Current Voc = 4.5V, Vout = OV, (Note 6) | | -150f 
lop Logical “0” Drive Current | Voc = 4.5V, Vout = 4.5V, (Note 6) ep 
Hi-Z TRI-STATE Output Current | Vout = 0.4V to 2.4V, DIS1 or DIS2 = 2.0V 


One DIS Input = 3.0V 

All Other Inputs = X, Outputs at Hi-Z 

DIS1, DIS2 = OV, Others = 3V | | 70 | 00 | 
70 

Outputs on 


| Allinputs = OV, Outputsoft | | 25 | 50 


Switching Characteristics (voc = 5v, Ta = 25°C) (Note 6) 


Conditions | Min_| Typ | Max | Units 





Ioc Power Supply Current Voc = 5.5V 


Storage Delay Negative Edge 


Storage Delay Positive Edge 


Fall Time 


Rise Time 


Delay from Disable Input to Logical “0” 
Level (from High Impedance State) 


Delay from Disable Input to Logical “1” 
Level (from High Impedance State) 


(Figure 1) 


(Figure 7) 


(Figure 1) 


(Figure 7) 


= 50 pF 
io "GND 


C. = 50 pF 
to GND 
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|= s50pF | | 40 | 50 | 
| C= s00pF | | 6s | 80 
|G =s0pF | | 42 | 50 | 
|= s00pF | | 6s | 80 | 
|G =s0pr | | 42 | 60 | 
| C= s500pF | | 19 | 22 
C= s0pF | | 5.2 | 7.0 | 
|G =s00pF | | 20 | aa 


Rr = 2k2. to Vcc 19 
(Figure 2) 

Ry, = 2k to GND 

(Figure 2) 





Switching Characteristics (Continued) (Veg = 5V, Ta = 25°C) (Note 6) 


| Parameter | Conditions | Min | Typ | Max | U 
Delay from Disable Input to High Impedance | CL = 50pF RA, = 400NtoVcc 18 

State (from Logical “0” Level) to GND (Figure 3) 

Delay from Disable Input to High Impedance | CL = 50pF R, = 400M toGND 8.5 

State (from Logical ‘1”’ Level) to GND (Figure 3) : 


AC Test Circuits and Switching Time Waveforms 
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i (NOTE 5) TL/F/5875-5 
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GENERATOR 
(NOTE 4) 


TL/F/5875-4 
FIGURE 1 


DISABLE 
0.1 uF INPUT Vs¥ 
ZH 


eka OUTPUT* 
O Vout 





a 









(NOTE 6) 0 

PULSE 

GENERATOR tz 
NOTE 4) 


(NO O Vout 













Pays on PULSE {NOTE 6) 
I GENERATOR 
(NOTE 4 50 pF O5V 
= > > (NOTE 5) | 
TL/F/5875-6 TL/F/5875~-8 
= — "ANY ONE OF EIGHT OUTPUTS 
TL/F/5875-7 
FIGURE 2 

tuz tLz | 

Voc Vcc 


DISABLE 15V 
0.1 uF INPUT _ fv 


Von 
400 2 OUTPUT 


© Vout 





(NOTE 8) 














O Vout 


50 pF : 
= 5) VOL 
= TL/F/5875~11 


TL/F/5875-10 


PULSE 
GENERATOR 
(NOTE 4) 









50 pF 


(NOTE ‘i 


4002 (NOTE 6) 





PULSE 
GENERATOR 
{NOTE 4) 





TL/F/5875-~9 


FIGURE 3 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Unless otherwise specified, min/max limits apply across the —55°C to + 125°C temperature range for the DS1628 and across the 0°C to + 70°C range for 
the 0S3628. All typical values are for Ta = 25°C and Vcc = SV. 


Note 3: All currents into device pins shown as positive; all currents out of device pins shown as negative; ail voltages references to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 


Note 4: The pulse generator has the following characteristics: Zoyy = 509 and PRR < 1 mHz. Rise and fall times between 10% and 90% points < 5ns. 
Note 5: C, includes probe and jig capacitance. 
Note 6: When measuring output drive current and switching response for the DS1628 and DS3628 a 152 resistor should be placed in series with each output. 
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DS1644/DS3644/DS1674/DS3674 


National 
Semiconductor 
Corporation 


DS1644/DS3644/DS1674/DS3674 Quad TTL to MOS 


Clock Drivers 


General Description 


The DS1644/DS3644 and DS1674/DS3674 are quad bi- 
polar-to-MOS clock drivers with TTL compatible inputs. 
They are designed to provide high output current and volt- 
age capabilities necessary for optimum driving of high ca- 
pacitance N-channel MOS memory systems. 


The device features two common enable inputs, a refresh 
input, and a clock control input for simplified system de- 
signs. The circuit was designed for driving highly capacitive 
loads at high speeds and uses Schottky-clamped transis- 
tors. PNP transisitors are used on all inputs thereby minimiz- 
ing input loading. 

The circuit may be connected to provide a 12V clock output 
amplitude as required by 4k RAMs or a 5V clock output 
amplitude as required by 16k RAMs. 


The DS1644/DS3644 contains a 1002 resistor in series with 
each output to dampen the transients caused by the fast- 


Schematic and Connection Diagrams 


Veo 
© 


EQUIVALENT INPUT 


INTERNAL 
LOGIC 


CIRCUITRY 


*DS1644/DS3644 only 


switching output, while the DS1674/DS3674 has a direct, 
low impedance output for use with or without an external 
damping resistor. 


Features 

m TTL compatible inputs 

m@ 12V clock or 5V clock driver 

w Operates from standard bipolar and MOS supplies 

mw PNP inputs minimize loading 

@ High voltage/current outputs 

m@ Input and output clamping diodes 

u Control logic optimized for use with MOS memory sys- 
tems 

mw Pin and function compatible with MC3460 and 3235 

m Built-in damping resistors (0S1644/DS3644) 


EQUIVALENT OUTPUT 


TL/F/5876-1 


Dual-In-Line Package 


Vcct. UTD SELO EN? 


CLK 
IN 


EN2 SELC 


outc Yeca 


RFSH SELB ouTs GAD 


IN 
TL/F/5876-2 


Top View 
Order Number DS3644J, DS3674J, DS3644N or DS3674N 
See NS Package Number J16A or N16A 
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Oo 
. : 7 cps w 
Absolute Maximum Ratings (note 1) Operating Conditions = 
Specifications for Military/Aerospace products are not Min Max Units = 
contained in this datasheet. Refer to the associated Supply Voltage o 
reliability electrical test specifications document. Vec1 o 
Supply Voltage DS1644, DS1674 4.5 5.5 V = 
Vcc 7vV DS3644, DS3674 4.75 5.25 V = 
Vcce 13.5V Voce = 
Vocs 16V DS1644, DS1674 4.5 13.2 V 77) 
Input Voltage —1.0V to +7V DS3644, DS3674 4.75 12.6 Vv > 
Output Voltage —1.0V to +16V Voc3 Ps 
Storage Temperature Range —65°C to + 150°C DS1644, DS1674 Voce 16.5 Vv o 
Maximum Power Dissipation* at 25°C DS3644, DS3674 Voc2 15.75 Vv 4 
Cavity Package 1509 mW Temperature, Ta ao 
Molded Package 1476 mW DS1644, DS1674 —55 +125 °C = 
Lead Temperature (Soldering, 10 sec.) 300°C DS3644, DS3674 0 +70 °C 


* Derate cavity package 10.1 mW/°C above 25°C; derate molded package 
11.8 mW/°C above 25°C. 


Electrical Characteristics 


5V operation, (Vcc1 = Voce = 5V, Vcc3 = 12V); 12V operation, (Voc1 = 5V, Voce = 12V, Voc3 = Voce + (8V £10%)); — 
DS1644, DS1674, + 10% power supply tolerances; DS3644, DS3674, +5% power supply tolerances, unless otherwise noted. 
(Notes 2, 3 and 4). 


Symbol Conditions | Min | typ | Max _| units 
Vin | Logical" Inputvotage | | 
Vi__{Logical“o"inputVottage | | | 
Ts) Logical “1” Input Current Vin = 5.5V Select Inputs aes a ee ee ee pA 
Allotherinputs | | 0.04 | 40 | 
Ne Logical ‘‘0” Input Current Vin = 0.4V Select Inputs fn] 280 pA 


jaulotherinputs| | -0.16 | -1.0 | ma 

Vop__| InputClampVottage [w= tama || 08 | v 
Vou __| Logical “1” Output Voltage | lon = —1mA, Vit = 0.8V | Veco -0.5| Voce -0.2/ = |v 
ra v 

V 


VoL Logical ‘‘0” Output Voltage lo. = 5mMA, Vin = 2.0V i nee 
Voc _ | Output Clamp Voltage loc = 5MA, Vi_ = 0.8V | | Voce +0.8 | Voce +1.5 | 


ICCH Supply Current Output High 
Voci = Max 27 mA 


Icc1 


5V Operation ee 
someon | —— 


loc Supply Currents Outputs Low 
ct All Inputs Vin, = 5V Voci = 5.25V 


OutputsOpen | Vaca = 12.6V 
Vocs=15.76v{ | te | as | mal 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS1644, DS1674 and across the 0°C to + 70°C 
range for the DS3644, DS3674. All typicals are given for Ta = 25°C. 

Note 3: Ail currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: For AC measurements, a 102 resistor must be placed in series with the output of the DS1674/DS3674. This resistor is internal to the DS1644/DS3644 and 
need not be added. 








. DS1644/DS3644/DS1674/DS3674 


Switching Characteristics 1, = 


Symbol Conditions 


todo Propagation Delay to a Rp = 109 
Logical ‘‘O” 

toat Propagation Delay to a Rp = 109 
Logical ‘1” 


25°C unless otherwise noted, (Note 4), (Figures 1, 2, 3 and 4) 


| Min | typ | Max | units 


CL = 
| Go =400prF | | 2 | 16 | 
| q=toopr | | to | 13 | 
| o=4o0prF | | 13 | 16 | 
| G=topr | | 9 | te | 
Condor | | 7 | 
| o=tooprF | | e | a2 | 
| co =400prF | | 13 | 19 
| Gator | | ow | a | 
| = 400prF | | 29 | 40 | 
| o=t00pF | | te | 2 | 
| o=4o0pr | | 26 | os 


AC Test Circuits and Switching Time Waveforms 
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PULSE 
GENERATOR 
(NOTE 1) 








REFRESH INPUT = 2.4V 
ALL OTHER INPUTS = OV 


Voc Yec2 Ycc3 


GND 


16V 





(INTERNAL ON 
DS1644/0S3644) 


CL 
L (NOTE 2) 





OUT 







TL/F/5876-3 


FIGURE 1. 12V Operation 


3V 


INPUT 


ov 


Vou 


OUTPUT 


VoL 





TL/F/5876-4 


FIGURE 2. 12V Operation 
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AC Test Circuits and Switching Time Waveforms (continued) 


(INTERNAL ON 
PULSE 10 $1644/DS3644) 


GENERATOR 
CL 
L (NOTE 2) 


(NOTE 1) 
REFRESH INPUT = 2.4V = 
ALL OTHER INPUTS = OV 


FIGURE 3. 5V Operation 


yL9ESG/PZ91SG/PP9ESC/PP9LSA 


TL/F/5876-5 


ov 


Vou 


OUTPUT 


TL/F/5876~6 
FIGURE 4. 5V Operation 
Note 1: The pulse generator has the following characteristics. PPR = 1 MHz, ta < 10 ns, Zoyt = 502. 
Note 2: C, includes probe and jig capacitance. 
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National 
Semiconductor 
Corporation 


DS3647A Quad TRI-STATE® MOS Memory I/O Register 


General Description 


The DS3647A is a 4-bit |/O buffer register intended for use 
in MOS memory systems. This circuit employs a fall-through 
latch for data storage. This method of latching captures the 
data in parallel with the output, thus eliminating the delays 
encountered in other designs. This circuit uses Schottky- 
clamped transistor logic for minimum propagation delay and 
employs PNP input transistors so that input currents are 
low, allowing a large fan-out for this circuit which is needed 
in a memory system. 


Two pins per bit are provided, and data transfer is bi-direc- 
tional so that the register can handle both input and output 
data. The direction of data flow is controlled through the 
input enables. The latch control, when taken low, will cause 
the register to hold the data present at that time and display 
it at the outputs. Data can be latched into the register inde- 
pendent of the output disables or EXPANSION input. Either 
or both of the outputs may be taken to the high-impedance 
state with the output disables. The EXPANSION pin dis- 
ables both outputs to facilitate multiplexing with other I/O 
registers on the same data lines. 


Logic and Connection Diagrams 


CONTROL 
LOGIC 


eS 
OUTPUT 
DISABLES 


INPUT 
ENABLES 


The DS3647A features TRI-STATE outputs. The “B” port 
outputs are designed for use in bus organized data trans- 
mission systems and can sink 80 mA and source —5.2 mA. 
Data going from port ‘‘A” to port “B” and from ‘“‘B” to port 
“A” is inverted in the DS3647A. 


Features 

m@ PNP inputs minimize loading 

m Fall-through latch design 

m@ Propagation delay of only 15 ns 
m@ TRI-STATE outputs 

m EXPANSION control 

m@ Bi-directional data flow 

mw TTL compatible 

@ Transmission line driver output 


Dual-In-Line Package 


INPUT 
ENABLE 


OUTPUT 
DISABLE 


TL/F/8354-2 
Top View 


Order Number DS3647AD or DS3647AN 
See NS Package Number D16C or N16A 


OB O 
EXPANSION 


TL/F/8354-1 
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DS3647A 


Absolute Maximum Ratings (note 1) Operating Conditions 
Specifications for Military/Aerospace products are not Min Max Units 
contained in this datasheet. Refer to the associated Supply Voltage (Vcc) 4.5 5.5 Vv 
reliability electrical test specifications document. Temperature (Ta) 
Supply Voltage 7V DS3647A 0 +70 °C 
Input Voltage —1.5V to +7V 
Storage Temperature Range —65° to + 150°C 
Maximum Power Dissipation* at 25°C 

Molded Package 1476 mW 
Lead Temperature (Soldering, 10 seconds) 300°C 


*Derate molded package 10.0 mW/° C above 25°C. 


Electrical Characteristics (notes 2 and 3) 


Symbol fame —_—_____tunfene____.j ie} ip Nas Units 
Vinny [Logie“t"inputvotage | fo | | 
Vio) |Logic“oinputvotage | TT ws | 
lIN(1) Logic ‘'1” Input Current | Latch, Disable Inputs| | 0.1 | 40 | pA 





_ _ [Expansion |_| 02 | 80 | pA 

[Enable inputs |_| 04 | 200 | pA 

lN(O) Logic “0” Input Current | Latch, Disable Inputs| | —25 | —250 | pA 
2 : Expansion | | 500 | pa 

[Enable inputs |__| ~0.1 | -1.25| mA 

VCLAMP VGCRA BY lin = 18m || -06 | -12 |v 


Logic “0” Output Voltage 


VoL(A) ‘A Ports Vec=4.5V, lo. =20 mA 


< 


Logic “0” Output Voltage loL=30 mA V 
VoL(B) ? ? 9 Voc =4.5V OL | [oa | 04 | 
B Ports ln=soma_ || | 08 |v 
Logic “1” Output Voltage 3.4 V 
VoH(A) : p g lon= —1mA cc }30| 34 | 
A Ports Voo=4.5V p25] a4 | |v 
B Ports Voo=4.6V p24] aa | |v 
; Fre 
los(a) hay Short-Ciroult Current | v= 4.5V to 5.5V, Vour= OV, (Note 4) mA 


lose) ek eh Shore Circuit Current | |). 2 4.5V tp 5. BV; Vour SOV ANOLE) mA 
loc Power Supply Current Exp=3V, A Ports=0V, 
B Ports Open, All Other Pins=OV | DS3647A 100 140 A 


Enable A, Latch=3V, A Ports= 
OV, B Ports Open, All Other DS3647A 70 mA 
Pins=0V 


Note 1; “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Unless otherwise specified min/max limits apply across the 0°C to + 70°C range. All typicals are given for Vog=5V and Ta= 25°C. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
Note 4: Only one output at a time should be shorted. 


3 
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Switching Characteristics (vcc=5v, T,=25°C) 


Symbol Conditions |_min_ | typ | Max | Units 


DATA TRANSFER B PORT TO A PORT 


: eis CL=50 pF, R_ = 2800, 
Propagation Delay to a Logic “‘O ce 1and4) Sf rs fas | 





=50 pF, R= 2800, 
Pp 4 ? 1 2 
ropagation Delay to a Logic amen 1 and 4) | fo | oe 


A PORT CONTROL FROM OUTPUT DISABLE A INPUT 


Delay to High Impedance from : 

Logic “0” (Figures 1 and 5) 20 
Delay torigh Impedance from (Figures 1 and 6) 44 20 
Logic ‘1 

Delay to Logic “0” from High (Figures 1 and 7) 10 45 
Impedance 

Delay to Logic “1” from High (Figures 1 and 8) 

Impedance 


DATA TRANSFER A PORT TO B PORT, DS3647A 


=50 pF, RL= 100, 
P ony 
i egbets CL=50 pF, RL=1009, 
Propagation Delay to a Logic ‘‘1 (Figures 2 and 4) 15 


B PORT CONTROL FROM OUTPUT DISABLE B INPUT, DS3647A 


Delay to High Impedance from : 
Logic “0” (Figures 2 and 5) 15 
Delay to High Impedance from 
Logic “1” (Figures 2 and 6) 
Delay to Logic “0” from High (Figures 2 and 7) 
Impedance 
] 4 bane H 
Delay to Logic “1” from High (Figures 2 and 8) 95 
Impedance 


LATCH SET-UP AND HOLD TIMES, ALL DEVICES 
Set-Up Time of Data Input Before 
Latch Goes Low 

Hold Time of Data Input After 

Latch Goes Low 


Product Description 


Device Number PEO TOR EO: |e hatte B Por A Port Outputs | B Port Outputs 
Function Function 


psae47a_ | _inverting _|__tnverting | TALSTATE | TALSTATE 






















tLz ns 











ns 






tz ns 










2H 








tSET-uP 
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DS3647A 


Truth Table 


Input Output 
es Latch ae Ss Expansion 


Poot Data in on A, output to 8 





“=-10O]— |> 


Oo _ oO 
=z} =z 
Ni oN 
=| 
Ni oN 


x 


AC Test Circuits 


TEST 
POINT 


Vee = 5V 






280 


OUTPUT 


C, 
50 pF 


(NOTE 1) | 


TL/F/8354-3 


FIGURE 1. A Port Load 


ee ee ee ee ee 


B Ports 


B1-B4 Comments 


ee Data in on B, output to A 


Hi-Z Data stored which is present 
when latch goes low 


Data stored which is present 
when latch goes low 


Both A and B in Hi-Z state, 
Data in on A, may be latched 


Both A and B in Hi-Z state, 
Data in on B, may be latched 


Both A and B in Hi-Z state 


Vec = 5V 


100 


OUTPUT 






Cy 
50 pF 


(NOTE 1) | 


TL/F/8354-4 
FIGURE 2. B Port Load 


Note 1: C, includes probe and Jig capacitance. 


Operating Waveforms 
Using TRI-STATE 


INPUT DATA VALID 
Y eke \ 






DATA 
INPUT 
= wae 


Ne ee cae nee me ee eae 


INPUT 
ENABLE 
OUTPUT : 
DISABLE 


om ——~—-- 4 == 


MW LL ay | 


DATA 
LATCHED 

OUTPUT ouTPUT | |_ OUTPUT =e 

TRISTATE "I" active TRISTATE 


TL/F/8354-5 


TRI-STATE Disabled 
INPUT DATA VALID 











SoS 


LL, DATA DATA 
FEED-THROUGH | LATCHED 
OUTPUT ACTIVE 
TL/F/8354~6 


*When the Input Enable makes a negative transition, the output will be indeterminate for a short duration. The negative transition of the Input Enable normally 


occurs during a don’t-care timing state at the output. 


Switching Time Waveforms 


todo and toa1 


OUTPUT 
(INVERTED) 


OUTPUT 
{NON-INVERTED) 





VZp9esad 


TL/F/8354-7 


Input Characteristics: f = 1 MHz, ta = tr < 5ns (10% to 90% points), duty cycle = 50%, Zour = 500 


FIGURE 4 
tiz 
3V 
1.5V 
ov 
=| [=z 
HI-Z 
LOGIC “0 


VOLTAGE { 
0.5V 





INPUT 


OUTPUT 





TL/F/8354-8 
FIGURE 5 


tz 
3V 
INPUT 1.5V 


ov 


HI-Z 


OUTPUT 
LOGIC “0” 


VOLTAGE 


TL/F/8354-9 
FIGURE 7 


Schematic Diagram 


EQUIVALENT INPUT 


INTERNAL 


NEUES LOGIC 


CIRCUITRY 


Note. Data pins A1-A4 and B1-B4 consist of 
an input and an output tied together. 
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tuz 
3V 
INPUT 1.5V 
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FIGURE 6 
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tNPUT 1.5V 
ov 
i 
LoGic “1” 
anny VOLTAGE 7 
HI-Z ae 
0.5V 
TL/F/8354-11 
FIGURE 8 


EQUIVALENT OUTPUT 


TL/F/8354-12 





DS3647A 


Typical Application 


The diagram below shows how the DS3647A can be used as a register capable of multiplexing data lines. 





Al Bt 
DS 
4 A2 82 
DATA LINES 3647 ® 
(MULTIPLEXED) A3 83 
AA B4 
TT EXPANSION 
tb DS3647A 
16 
DATA LINES 
TO MOS 
MEMORY 
ARRAY 
10f4 
DECODER 
DM74155 
DS3647A 
TO 0S3647A INPUT ENABLES 
DATA 
TO/FROM 
ARRAY 
TO DS3647A LATCH INPUTS 
CATCH 
CONTROL 


TL/F/8354-13 
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Semiconductor 
Corporation 


DS1648/DS3648/DS1678/DS3678 TRI-STATE® TTL to 


MOS Multiplexers/Drivers 


General Description 


The DS1648/DS3648 and DS1678/DS3678 are quad 2-in- 
put multiplexers with TRI-STATE outputs designed to drive 
the large capacitive loads (up to 500 pF) associated with 
MOS memory systems. A PNP input structure is employed 
to minimize input currents so that driver loading in large 
memory systems is reduced. The circuit employs Schottky- 
clamped transistors for high speed and TRI-STATE outputs 
for bus operation. 

The DS1648/DS3648 has a 152 resistor in series with the 
outputs to dampen transients caused by the fast-switching 


Logic and Connection Diagrams 


auTPuT iS) 


TL/F/7506-1 


output. The DS1678/DS3678 has a direct, low impedance 
output for use with or without an external resistor. 


Features 

@ TRI-STATE outputs interface directly with system-bus 
m Schottky-clamped for better ac performance 

@ PNP inputs to minimize input loading 

@ TTL compatible 

High-speed capacitive load drivers 

@ Built-in damping resistor (0S1648/DS3648 only) 


Dual-In-Line Package 
INPUTS INPUTS 


OUTPUT pam, OUTPUT rt, | OUTPUT 
Vec CONTROL Aa B4 Ys Aj 83 ya 


SELECT Al B1 GND 


INPUTS 


Y1 A2 B2 Y2 
oureuT "Ss OUTPUT 
INPUTS 

TL/F/7506-2 


Top View 


Order Number DS1648J, DS3648J, DS1678J 
DS3678J, DS3648N or DS3678N 
See NS Package Number J16A or N16A 
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DS1648/DS3648/DS1678/DS3678 


Absolute Maximum Ratings (note 1) Operating Conditions 
Specifications for Military/Aerospace products are not Min Max 
contained in this datasheet. Refer to the associated Supply Voltage (Vcc) 4.5 5.5 
reliability electrical test specifications document. Temperature (Ta) 
Supply Voltage 7V DS1648, DS1678 —55 +125 
Logical “1” Input Voltage IV DS3648, DS3678 0 +70 
Logical “‘0’’ Input Voltage —1.5V 
Storage Temperature Range —65°C to + 150°C 
Maximum Power Dissipation* at 25°C 

Cavity Package 1433 mW 

Molded Package 1362 mW 
Lead Temperature 

(Soldering, 10 seconds) 300°C 


* Derate cavity package 9.6 mW/°C above 25°C; derate molded package 
10.9 mW/°C above 25°C. 


Electrical Characteristics (Notes 2 and 3) 


Units 


°C 
°C 


Symbol Conditions | Min | typ | Max_| Units 


Vinay | Logical"1” InputVotage | Cf eo | Tv 
Vivo) | Logical“o”inputvoage | TT 
ingy | Looeal""nputGurent | Voo=6V\Vw=eavSSSCSC~iSSid 
in” | oie“ nput Curent | Voo= 88V.Vw=0ay————S*iY is =| 
VCLAMP Veo = 4.5¥, lin = —18 mA fe eeo7e-|/ 12] 

Logical 1” Output Voltage | Voc = 4.5V, lon = —10 pA | psteae/psie7s | 27 | 36 | | 

spice | osseas/osse7s | 26 | 36 | 
Vo. | Logical “o” Output Voltage | Voc = 4.5V,loL = 10nA | DSteaevosteva| =—s || 0.25 | 0.4 | 

ida |osssas/osae7e | | 0.25 | 0.95 | 
Vo | Logical“1” Output Voltage | Voc = 4.5V,loH= —1.0mA | DStess =| 24 | as | | 

yee poses | 25 | 35 | 
possess | 26 | 35 | 
josseve | 27 | 35 | 
VoL Logical “0” Output Voltage | Voc = 4.5V, lo, = 20mA fostess = (|| lo | ott 

a josies || ow | 8 | 
possess | | os | 10 | 
josse7s | | ow | os | 
ltD Logical “1” Drive Current Voc = 4.5V, Vout = OV, (Note 4) | | =250 | | 
loo Voo = 4.8¥, Vour = 4.5V, (Note 4) as 
liz Vout = 0.4V to 2.4V, Output Control=2.0v | -40| ss | 40. 


loc Power Supply Current Voc = 5.5V | Output Control = 3V 42 
All Other Inputs at OV 


J Alinputsatov || 20 |__| 








E/E 
>| > 


<f<j<el<elel<lel<l<lelelel< 


A 


3 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 


operation. 


Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS1648 and DS1678 and across the 0°C to 


+70°C range for the DS3648 and DS3678. All typical values for Ta = 25°C and Voc = 5V. 


Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 


as max or min on absolute value basis. 


Note 4: When measuring output drive current and switching response for the DS1678 and DS3678 a 152 resistor should be placed in series with each output. This 


resistor is internal to the DS1648/DS3648 and need not be added. 
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Switching Characteristics voc = 5v, Ta = 25°C (Note 4) 


Symbol Conditions [Min | Typ | Max | Units 


i Oe eee ee 
Fo.=s00pF |_| @ | 12 | 

tsz Storage Delay Positive Edge (Figure 1) lcC.=50pF | | 6] 8 | 
ene — hr rete Ta 

tr Fall Time (Figuret) {C.=s50pF | | 5 | 8 
eg ae eee 

tr Rise Time (Figure!) [C.=50pF_ |_| 6 | 8 
pene Ee tee 


tz, Delay from Output Control! Input to Logical “0” Cy. = 50 pF, RL = 2kN to Voc, 
Level (from High Impedance State) (Figure 2) 
tZH Delay from Output Control Input to Logical “1” C_ = 50pF, Rp = 2kN to GND 
Level (from High Impedance State) (Figure 2) 
{Lz Delay from Output Control Input to High Impedance | C_ = 50pF, Ry = 400N to Voc, 15 
State (from Logical ‘0’ Level) (Figure 3) 
tuz Delay from Output Control Input to High Impedance | CL = 50 pF, Ry = 4002 to GND, 
State (from Logical “1” Level) (Figure 3) 


ts propeaation beey to Logical “0” Transition When So= sop. rower) =| te | 18 
ts¥ ses Delay to Logical “1” Transition When fo.=sopr. rove = || ta far 
ts+ ie aed to Logical 0” Transition When Ci, = 50 pF, (Figure 1) | | 16 | 20 | 
ist Bil ai a to Logical “1” Transition When Ci, = 50 pF, (Figure 1) | | aa | 20 


Schematic Diagram 


. EQUIVALENT INPUT EQUIVALENT OUTPUT 





O OUTPUT 
INTERNAL 
LoGic 
CIRCUITRY 






INPUT © 






ns 
ns 
ns 
ns 
ns 
ns 
ns 


TL/F/7506-3 


*DS1648/DS3648 only 
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8Z9€S0/8Z91S0/8P9ESG/8P91SG 


DS1648/DS3648/DS1678/DS3678 


AC Test Circuits and Switching Time Waveforms 


ts+, ts+, Tr, tr 


Vec 
0.1 LF 


PULSE 
GENERATOR O Vout OUTPUT 


(NOTE 1) 
Cy 
T (NOTE 2) TL/F/7506-5 


= = TL/F/7506-4 
Note 1: The pulse generator has the following characteristics: Zo.yr = 502 and PRR < 1 MHz. Rise and fall times between 10% and 90% points < 5 ns. 


Note 2: C, includes probe and jig capacitance. 


FIGURE 1 


tzu tzu 


Vv 
ce 0.1 pF 


OUTPUT 
PULSE PULSE 
GENERATOR GENERATOR 
(NOTE 1) (NOTE 1) 


06V 


TL/F/7506-8 


TL/ F/7506-6 TL/F/7506-7 
‘Internal on DS1648 and DS3648 
FIGURE 2 
tuz 


Vec 
A 0.1 pF 


Vou 
OUTPUT 


PULSE PULSE 


GENERATOR GENERATOR 
(NOTE 1) (NOTE 1) 


0.5V 


TL/F/7506-11 


TL/F/7506-9 TL/F/7506-10 
*Internal on DS1648 and DS3648 


FIGURE 3 
Truth Table 


Output 
Control 


High level 
Low level 
Don’t care 


i-Z = TRISTATE mode 


H 
L 
X 
H 
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Typical Applications 


Addressing 16k RAM 2:1 Multiplexing of RAM Outputs 
ROW ADDRESS 


MOS RAM 
DS1648/ ARRAY 
DS3648 


oa ns 4 MOS OUTPUTS 
OUTPUTS (INVERTED) 


0S1648/ 
0S3648 
A/B SELECT 


COLUMN ADORESS TL/F/7506-14 


8Z9ES0/8Z91S0/8P9ESC/8P91SG 


TL/F/7506~12 


Refreshing Using TRI-STATE Counter 


TRI-STATE 
CONTROL 


OUTPUT 
Alt Al CONTROL 


A10 
Ag 
A8 
Al 
AG 
AS y4 


Aa 
A3 
A2 
Al 
AQ 
OUTPUT 
Al CONTROL 
A2 
MOS RAM 


v1 REQUIRING 
ADDRESS 
MULTI- 
PLEXING 


TRI-STATE 
CONTROL 


6-BIT 
TRI-STATE 
REFRESH 
COUNTER 





TL/F/7506-13 
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DS1649/DS3649/DS1679/DS3679 


National 
Semiconductor 
Corporation 


DS1649/ DS3649/ DS1679/DS3679 Hex TRI-STATE® TTL 


to MOS Drivers 


General Description 


The DS1649/DS3649 and DS1679/DS3679 are Hex 
TRI-STATE MOS drivers with outputs designed to drive 
large capacitive loads up to 500 pF associated with MOS 
memory systems. PNP input transistors are employed to re- 
duce input currents allowing the large fan-out to these driv- 
ers needed in memory systems. The circuit has Schottky- 
clamped transistor logic for minimum propagation delay, 
and TRI-STATE outputs for bus operation. 


The DS1649/DS3649 has a 152 resistor in series with the 
outputs to dampen transients caused by the fast-switching 


Schematic Diagram 


EQUIVALENT INPUT 


INTERNAL 
Locic 


CIRCUITRY 


*DS1649/DS3649 only 


Connection Diagram 


Dual-in-Line Package 


os 2 ING OUTGé INS OUTS INS OUT4 


ols 1 (N41 our IN2 OUT2 IN3 OUT3 GND 


TL/F/7515-2 


Top View 


Order Number DS1649J, DS36494J, 
DS1679J, DS3679J, DS3649N or DS3679N 
See NS Package Number J16A or N16A 


output. The DS1679/DS3679 has a direct low impedance 
output for use with or without an external resistor. 


Features 
mw High speed capabilities 
® Typ 9 ns driving 50 pF 
© Typ 30 ns driving 500 pF 
w TRI-STATE outputs for data bussing 
@ Built-in 159 damping resistor (0DS1649/DS3649) 
mw Same pin-out as DM8096 and DM74366 


Truth Table 


EQUIVALENT OUTPUT 


oa Input arose" 


18* OUTPUT 


X = Don't care 
Hi-Z = TRI-STATE mode 


TL/F/7515-1 


Typical Application 


0$36149 
0536179 


€-BIT RAM 
ADDRESS 


MoS ADDRESS 
DRIVER LINES 


DISABLE MM5270 
OR 
M5280 
MOS RAM 
0S3649 ARRAY 

oR 
ps3679 
e.nir RAN REFRESH & 


MoS 
ADDRESS ORIVER 


DISABLE 


DS3646 

oR “0” ADDRESS 

083676 "1" COUNTER 
COUNTER 
DASVER 


ENABLE 


ADDRESS OR 


COUNT SELECT TL/F/7515-3 
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oO 

. . 5 e wm 

Absolute Maximum Ratings (note 1) Operating Conditions = 
Specifications for Military/Aerospace products are not Min Max Units S 
contained in this datasheet. Refer to the associated Supply Voltage (Vcc 4.5 5.5 Vv = 
reliability electrical test specifications document. Temperature (Ta) a 
Supply Voltage 7.0V DS1649, DS1679 —55 +125 °C 2 
Logical “1” Input Voltage 7.0V DS3649, DS3679 0 +70 °C 3 
‘ te» = *Derate cavity package 9.1 mW/°C above 25°C; derate molded package = 
Logical “0” Input Voltage 1.5V Wo WG chance oae a 
Storage Temperature Range ~65°C to + 150°C ba 
Maximum Power Dissipation* at 25°C 2 
Cavity Package 1371 mw © 
Molded Package 1280 mW o 
Lead Temperature (Soldering, 10 sec.) 300°C 3 
“J 

co 


Electrical Characteristics (Note 2 and 3) 


Symboi | ___Parameter___|__——=—=—=——Conaitions —=—=S—=«d: Cin |_Typ | Max | Unit 
Vinny | Logical" inputvoegs | df eo | |v 
Vino) | Logical“o"inputvotage | TT ow | 
lnngy | Logical“1” Inputurent_ | Voo=s55V.Vu=55v || t | 40 | a 
ino) | Logical'“o” InputCurrent_| Voo=55V.Vu=05v || = 80 | 250] ya 
Vo.amp | InputClamp Voltage | Voo=4.5Viiin=-tema || ~0.75 | -1.2 |v 
Vou Logical ‘‘1’’ Output Voltage veer 4eklon= —towk | psteeresiee | 27 1 98 1 Vv 
usual | osseaovosae7a | 28 | 36 | 





Vo. | Logical “0” Output Voltage | Voc = 4.5V, lo. = 10pA | DSte4gvoste79| «| 0.25 | o4 | v 
ee josasaepsse7a| | 0.25 | 025 |v 

Vou | Logical “1” Output Voltage | Voc = 4.5V,lon= —1.0mA |odsieg9 | 24| a5 | |v 
Megat fossa | 25 | 38 | |v 
fossa | 26 | 3s | |v 

jossera | a7 | 3s | |v 

VoL | Logical “0” Output Voltage | Voc = 4.5V,loL=20mA | osteo | | o6 | 11 | v 
von fossa | | oe | os | 
josseao | | oe | 40 |v 

josseva | | os | os |v 

lp ___| Logical" Drive Curent_| Voo=45V.Vour=ovinotea) || ~250 | | ma 
loo Vc = 4.5V, Vour = 4.5V (Note 4) | | 50 | oma 
HiZ__| TALSTATE Output Current | Vour=04Vto2.4v,Distoris2=20v_ | ~4o| | 40 | A 
jAlinpuis=ov | Tt | 20 |ma 
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DS1649/DS3649/DS1679/DS3679 


Switching Characteristics (vcc = 5v, Ta = 25°C) (Note 4) 


| Parameter =| Conditions | Min | typ | Max | 
Storage Delay Negative Edge (Figuret) | c.=50pF | | 45 | 7 | 
| c.=soopr | | 7s | 12 
Storage Delay Positive Edge (Figure 7) |c.=sopF | | 5 | 8 | 
| c= soopr | | 8 | 13 
Fall Time (Figuet) | c.=50pF | | 5 | 8 | 
| c= soopr | | 22 | 35 
Rise Time (Figuet) | C.=50pF | | 6 | 9 | 
fc=soopr | | 21 | a5 

Delay from Disable Input to Logical “‘0” C_ = 50 pF 


Level (from High Impedance State) RL = 2k2. to Voc (Figure 2) 
Delay from Disable Input to Logical ‘1” C_ = 50 pF 

Level (from High Impedance State) RL = 2k to GND (Figure 2) 

Delay from Disable Input to High Impedance CL = 50 pF 45 

State (from Logical “0” Level) Ri = 4002 to Vcc (Figure 3) 

Delay from Disable Input to High Impedance CL = 50 pF 

State (from Logical 1” Level) Ri = 4009 to GND (Figure 3) 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS1649 and DS1679 and across the 0°C to 
+70°C range for the DS3649 and DS3679. All typical values are for Ta = 25°C and Voc = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 


Note 4: When measuring output drive current and switching response for the DS1679 and 0S3679 a 152 resistor should be placed in series with each output. This 
resistor is internal to the 0S1649/DS3649 and need not be added. 















AC Test Circuits and Switching Time Waveforms 


ts+,tst, tr, te 
Vec 


3v 
INPUT 
ov 










PULSE 
GENERATOR 


O Your 
(NOTE 1) 


Cy 
. (NOTE 2) 


7 = TL/F/7515-5 
TL/F/7515-4 
FIGURE 1 





OUTPUT 
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AC Test Circuits and Switching Time Waveforms (continued) 
tzL 
Vec 


tzH 
Vec 


PULSE 
GENERATOR 
(NOTE 1) 


50 pF 
(NOTE 2) 


PULSE 


GENERATOR 
(NOTE 1) 


50 pF 
(NOTE 2) 


“Internal on DS1649 and DS3649 


Note 1: The pulse generator has the following characteristics: Zour = 
Note 2: C_ includes probe and jig capacitance. 


TL/F/7515-6 


DISABLE 
INPUT 


OUTPUT 


FIGURE 2 





TL/F/7515-9 


DISABLE 
INPUT 


Vou 
OUTPUT 


FIGURE 3 


50 and PRR < 1 MHz. Rise and fall times between 10% and 90% points < 5ns. 
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ed 


2k 


PULSE 
GENERATOR 
(NOTE 1) 


O Vout 


50 pF 


a (NOTE 2) 


TL/F/7515-7 


TL/F/7515-8 


1 


O Vout 


400 


PULSE 
GENERATOR 
(NOTE 1) 


50 pF 


T (NOTE 2) 


TL/F/7515=-10 


TL/F/7515-11 





6Z9€SG/6Z91SG/6P9ESA/6r91SG 





DS1651/DS3651, DS1653/DS3653 


V4 National 
Semiconductor 
Corporation 


DS1651/DS3651, DS1653/DS3653 
Quad High Speed MOS Sense Amplifiers 


General Description 


The DS1651/DS3651 and DS1653/DS3653 are TTL com- 
patible high speed circuits intended for sensing in a broad 
range of MOS memory system applications. Switching 
speeds have been enhanced over conventional sense am- 
plifiers by application of Schottky technology, and TRI- 
STATE® strobing is incorporated, offering a high impedance 
output state for bused organization. 

The DS1651/DS3651 has active pull-up outputs, and the 
DS1653/DS3653 offers open collector outputs providing im- 
plied ‘‘AND”’ operations. 


Connection Diagram 


- Dual-In-Line Package 
-INB +iNB) OUTB) YEE QUTO +IND  -IND 


~INA  +INA  OUTA = STB 


Top View 


Order Number DS1651J, DS1653J, DS3651J, 
DS3653J, DS3651N or DS3653N 
See NS Package Number J16A or N16A 


OUTC +INC -INC GND 
TL/F/7528-1 


Typical Applications 
A Typical MOS Memory Sensing Application for a 4k word by 4-bit 
memory arrangement employing 1103 type memory devices 


1k WORD 1k WORD 1k WORD 1k WORD 
MOS MEMORY MOS MEMORY MOS MEMORY MOS MEMORY 
1k WORD 1k WORD 1k WORD 1k WORD 
MOS MEMORY MOS MEMORY MOS MEMORY MOS MEMORY 
1k WORD "1k WORD 1k WORD 1k WORD 
MOS MEMORY MOS MEMORY MOS MEMORY MOS MEMORY 
1k WORD 
MOS MEMORY 


1k WORO 
MOS MEMORY 


1k WORD 
MOS MEMORY 


1k WORD 
MOS MEMORY 


Features 

m High speed 

m@ TTL compatible 

m@ Input sensitivity — +7 mV 

@ TRI-STATE outputs for high speed buses 

m Standard supply voltages — +5V 

w Pin and function compatible with MC3430 and MC3432 


Truth Table 


Vip = 7 mV 
Ta = 0°C to +70°C 


-7mV < Vip < +7 mV 
Ta = O°C to +70°C 


Vip 2 -—7mvV 
Ta = 0°Cto +70°C 


L = Low logic state 
H = High logic state 
Open = TRI-STATE 
X = Indeterminate state 


DATA 
BIT 4 


O DATA BIT4 
200 


DATA BIT 3 


O DATA BIT3 


DATA BIT2 


ODATA BITZ 


DATA BIT1 


O DATA BITt 


STROBE O 


Note: Only 4 devices are required for a 4k word by 16-bit memory system. 


pt Baia I 


TL/F/7528~2 
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Absolute Maximum Ratings (note 1) 


Specifications for Military/Aerospace products are not 
contained In this datasheet. Refer to the associated 
reliability electrical test specifications document. 


Power Supply Voltages 

Voc +7Vpc 

VEE —7Vpc 
Differential-Mode Input Signal Voltage 

Range, Vipr +6 Voc 
Common-Mode Input Voltage Range, Vicr +5Vpc 
Strobe Input Voltage, Vis) 5.5Vpc 
Strobe Temperature Range —65°C to + 150°C 
Maximum Power Dissipation* at 25°C 

Cavity Package 1509 mW 

Molded Package 1476 mw 
Lead Temp. (Soldering, 10 seconds) 300°C 


* Derate cavity package 10.1 mW/°C above 25°C; derate molded package 
11.8 mW/°C above 25°C. 


Electrical Characteristics 


Operating Conditions 


Min 

Supply Voltage (Vcc) 

DS1651, DS1653 4.5 

DS3651, DS3653 4.75 
Supply Voltage (Vee) 

DS1651, DS1653 —4.5 

DS3651, DS3653 —4.75 
Operating Temperature (Ta) 

DS1651, DS1653 —55 

DS3651, DS3653 0 
Output Load Current, (Io) 
Differential Mode Input 

Voltage Range, (Vipr) —5.0 
Common-Mode Input 

Voltage Range, (Vicr) —3.0 
Input Voltage Range (Any 

Input to GND), (Vip) —5.0 


Voc = 5 Voc, VeE = —5 Voc, Min < Ta < Max, unless otherwise noted (Notes 2 and 3) 


Vis Input Sensitivity, (Note 5) Min < Vcc < Max 
(Common-Mode Voltage Range) | Min => Veg = Max 





VICR = —3V < Vin < +3V) 


Max 


5.5 
5.25 


—5.5 
—§.25 


+125 
+70 
16 


+5.0 


+3.0 


| [ae 


Wo [immorenvetage | | | 
ia [how scare ‘| Yop Man vee] || 

Pf 
Wu) | Secs tptvotagetveing || 
wig | Stobe ravage tgnsine| | 


lio Input Offset Current 


li-(s) Strobe Current (Low State) Voc = Max, Vee = Max, Vin = 0.4V 


Vin = 2.4V 


liL(s) Strobe Current (High State) 





Vou | Output Voltage (High States) Veo = Min, DS$1651/DS3651 mae 
Vee = Min 


| DS3651, 0S3653 | Te ETT) 
ostest,pstesa | |_| 0.50 | 


Vin = Voc 


care =Nec 


lo = 16mA 


VoL Output Voltage (Low State) Voc = Min, 
Vee = Min 


a eee 
DS3651, DS3653 —} | | 


se [sce] pa 


Icex | Output Leakage Current Voc = Min, DS1653/DS3653 || | 2x0 | 
Vee = Min 


los Output Current Short Circuit Voc = Max, Vee = Max, DS1651/DS3651 


(Note 4) 


loFF Output Disable Leakage Current | Voc = Max, Veg = Max 


loc High Logic Level Supply Current | Voc = Max, Veg = Max 
lee High Logic Level Supply Current | Voc = Max, Veg = Max 
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-70 


ee 
rosiess || | 100 | 
Pe [oo | 


45 
|| =17 | =20 | 


Unit 


°C 
°C 
mA 


€S9ESG/ES91SG ‘S9ESQ/1S91SG 





DS1651/DS3651, DS1653/DS3653 


Switching Characteristics Voc = 5 Voc, Vee = —5 Voc, Ta = 25°C unless otherwise noted. 


Symbol Conditions | min | typ | Max | units 
tPHL(D) High-to-Low Logic Level Propagation 5mV + Vis, DS1651/ 45 
Delay Time (Differential Inputs) (Figure 3) DS3651 
DS1653/ 
tPLH(D) Low-to-High Logic Level Propagation 5mV + Vis, DS1651/ 20 = 
Delay Time (Differential Inputs) (Figure 3) DS3651 
DS1653/ 
tpoH(s) TRI-STATE to High Logic Level (Figure 1) DS1651/ 16 
Propagation Delay Time (Strobe) DS3651 





ns 

tpHo(s) High Logic Level to TRI-STATE (Figure 1) DS1651/ a, 18 Ke 
Propagation Delay Time (Strobe) DS3651 

tpou(s) TRISTATE to Low Logic Level (Figure 1) DS1651/ 19 27 Ae 
Propagation Delay Time (Strobe) DS3651 

tpLois) Low Logic Level to TRI-STATE (Figure 1) DS1651/ ae 
Propagation Delay Time (Strobe) DS3651 

tPHL(S) High-to-Low Logic Level (Figure 2) DS1653/ a 
Propagation Delay Time (Strobe) DS3653 


tPLH(s) Low-to-High Logic Level (Figure 2) DS1653/ ae 
Propagation Delay Time (Strobe) DS3653 

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 

they are not meant to imply that the device should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 

operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to + 70°C range for the 0S3651, DS3653 and across the —55°C to + 125°C range for the 

DS1651, DS1653. All typical values are for Ta = 25°C, Voc = 5V and Veg = —5V. 


Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: A parameter which is of primary concern when designing with sense amplifiers is, what is the minimum differential input voltage required at the sense 
amplifier input terminals to guarantee a given output logic state. This parameter is commonly referred to as threshold voltage. It is well known that design 
considerations of threshold voltage are plagued by input offset currents, bias currents, network source resistances, and voltage gain. As a design convenience, the 
DS1651, DS1653 and DS3651, DS3653 are specified to a parameter called input sensitivity (Vis). This parameter takes into consideration input offset currents and 
bias currents, and guarantees a minimum input differiential voltage to cause a given output logic state with respect to a maximum source impedance of 200N at 
each input. 


Switching Time Waveform tv 


vz0 
iz 
0S1651/ 


0S3651 






390 









EF 


pane 
Sel Si 





( 





Note: Output of channel B shown under test, TL/F/7528-3 
other channels are tested similarly. ‘ 


tpLocs) Closed Closed 


tpo“(s) Closed Open 
tpHo(s) Closed Closed 
tpoH(s Open Closed 





C,, includes jig and probe capacitance. 

E\y waveform characteristics: tr_y and try, < 10 ns measured 10% to 90% 
PRR = 1 MHz 

Duty cycle = 50% 
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AC Test Circuits 
tpLos) 
Vo 
EIN 50% 





3V 
Ein 

ov 
5V -VOt 


Eg 
Vou 





Note: Output of channel B shown under test, 


= 15V 


TL/F/7528-4 


tpoL(s) 


f 50% 
tPOLis) 


1.5V 


TL/F/7528-6 


tpHo(s) 
3V 
Ein 50% 
ov 
tPHO(s) 
Vou 


Eg Von - 0.6V 


5 


€S9ESG/ES91SC ‘}S9ESG/1S91Sa 


= 15V 
TL/F/7528-5 


tpon(s) 
3V 

Ein 50% 
ov 

‘POH(S) 
Vou 
Ey 1.5V 

OV 


TL/F/7528-7 


FIGURE 1. Strobe Propagation Delay tp_qis); trois), tpHL(s) 2nd tpoH(s) 


DS1653/ Eq 
DS3653 


15 oF 
(TOTAL) 


TL/F/7528-8 


other channels are tested similarly. 


Eg 1.5V 


wv 
Ein 50% 
QV 
‘PLH(S) tPHL(S) 
Vou 


Va 
TL/F/7528-9 
Note: Ei waveform characteristics: 
ttLH and trH_ < 10 ns measured 10% to 90% 
PRR = 1 MHz, duty cycle = 500 ns 


FIGURE 2. Strobe Propagation Delay tp_ys) and tpHL(s) 
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DS1651/DS3651, DS1653/DS3653 


100 mv 5V 


0S1651/DS3651, 
0S1653/0S3653 





Note: Output of channel 8 shown under test, other channels are tested similarly. 
$1 at “A” for DS1653/DS3653, C_ = 15 pF total for DS1653/DS3653 
S1 at “B” for 0S1651/DS3651, C_ = 50 pF total for DS1651/DS3651 





Vaert Vis 
5mV 
Ein 50% 
ov 
tPLH(D) tPHL(D) 
Vou 
Eg 1.5V 
Vou 


TL/F/7528-11 
Ey waveform characteristics: 
triy and trH_ < 10 ns measured 10% to 90% 
PRR = 1 MHz, duty cycle = 500 ns 


FIGURE 3. Differential input Propagation Delay tp_y(o) and tpHL(p) 
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TL/F/7528-10 


Schematic Diagrams 
DS1651/DS3651 


PTE FR 
a iets 
WP te 


1/4 OF CIRCUIT SHOWN 


Vcc 










L 


O STROBE 


TO OTHER 
CIRCUITS 


TL/F/7528-12 


DS1653/DS3653 


O OUTPUT 


O STROBE 


1/4 OF CIRCUIT SHOWN 


TO OTHER 
CIRCUITS 


TL/F/7528-13 
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DS1651/DS3651, DS1653/DS3653 


Typical Applications 


4-Bit Parallel A/D Converter 


S 
hae ee EACH COMPARATOR 


A 1/4 OF DS1653/DS3653 


D=A+BC+OE+HVA+H)NK+UHM+N 0 +A) 6) 
at= (B+ D)(F + uv) ( +N) (A) 

22 = (B + J) (N) 

B= J 


Conversion time = 50 ns 
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TL/F/7528-14 


Typical Applications (continued) 


Transfer Characteristics 
and Equations for 


Level Detector with Hysteresis Level Detector with Hysteresis 


1/4 DS1651/D$3651 VREF 


Viow lag VHIGH 


Vp (VOLTS) 
€S9€SG/ES91S ‘LS9ESG/LS9ISA 


Bee Gee. 
Pees eae ine 
PEER GES a ae 
2 
Viy (VOLTS) 


TL/F/7528-15 


TL/F/7528-16 
R2 [Vomax) — Vrerl 
R1 + R2 


R2 (Vowin) — VReFl 
Ri + R2 


VHIiGH = Vaer + 


Viow = Vrer + 


Hysteresis Loop (V4) 


R2 
Vu = VHiGH ~ Viow = Alt Re [Vowmax) — Vocminy] 
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DS3685 


National 
Semiconductor 
Corporation 


PRELIMINARY 


DS3685 Hex TRI-STATE® Latch 


Features 


General Description 

The DS3685 is a hex latch. PNP input transistors are used 
to reduce input currents, allowing large fan-out to these driv- 
ers. The circuit has Schottky-clamped transistor logic for 
minimum propagation delay, and TRI-STATE outputs which 
allow bus operation. 

The circuit employs a fall-through latch which captures the 
data in parallel with the output, thereby eliminating the delay 
normally encountered in other latch circuits. 


Logic and Connection Diagrams 


DISABLE 


Truth Table 


X = don't care 
Hi-Z = TRI-STATE mode 
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TTL/LS compatible inputs 
PNP inputs minimize loading 
TRI-STATE outputs 
Fall-through latch design 
Minimum skew 


Dual-iIn-Line Package 


OUT 


DSBL DATAF Or DATAE Oe 


Q, ODATAB fg ODATAC Qc GNO 


TOP VIEW 
TL/F/5220-2 


Order Number DS3685J or DS3685N 
See NS Package J16A or N16A 


TL/F/5220-1 


Data Feed-Through 

Data Feed-Through 
Latched to Data Present 
when Enable Went Low . 
High Impedance Output 





Absolute Maximum Ratings (note 1) 
Specifications for Military/Aerospace products are not 
contained in this datasheet. Refer to the associated 
reliability electrical test specifications document. 


Supply Voltage, Voc 7V 
Logical ‘'1” Input Voltage 7V 
Logical ‘‘O” Input Voltage —1.5V 
Storage Temperature Range —65°C to 150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics (notes 2 and 3) 


Maximum Power Dissipation® at 25°C 
Cavity Package 1433 mW 
Molded Package 1362 mW 


* Derate cavity package 9.6 mW/°C above 25°C; derate 
molded package 10.9 mW/°C above 25°C. 


Operating Conditions 
Min Max Units 
Supply Voltage (Vcc) 4.5 5.5 V 
Temperature (Ta) 0 +70 °C 


Symbol Conditions [min | typ | Max | Unite 
Vinit) | Logical “1” inputvottage | to | 


Vin(0) Logical ‘‘0” Input Voltage 


lin(1) Logical “1” Input Current 


‘Ti (0) Logical “0” Input Current Vin = 0.5V, Voc = Max 


Vc_amp | Input Clamp Voltage Voc = Min, lin = —18 MA 
los Output Short-Circuit Current | Voc = Max, Vout = OV, (Note 4) 


Vou Logical “1” Output Voltage | Voc = Min 


Vin = 5.5V, Voc = Max 


| | os |v 
[Enabioinputs | | o1 | 40 | nA 
/Batainputs | | 02 | 80 | nA 
[Enableinputs | | 80 | —300 | pA 
[Datainputs | | ~100 | -500 | nA 
| -0.75 | -1.2 |v 
|=40| | -100 | ma 
Hlon=-tma | 26 | 35 | |v 
Hlow=-tona| 26 | 38 | |v 
ln=20ma [| | o4 | os | v 
flo =10na_ | | 025 | 035 |v 


liz TRI-STATE Output Current | Vour = 0.4V to 2.4V, Output Disable = 2V }-ao} | ao | sw 


loc Power Supply Current Voc = Max, All Inputs = 3V = OV, Enable = 3V 


| | 90 | ma 


Switching Characteristics Vcc = 5V, Ta = 25°C, unless otherwise noted. 





Propagation Delay Time, 
High-to-Low Level Output 


Propagation Delay Time, 
Low-to-High Level Output 


Propagation Delay Time, 
High-to-Low Level Output 


Set-Up Time on Data Input 





Delay from Disable Input to 
Logical “0” Level (from High 
Impedance State) 





Conditions | Min | Typ | Max | 
Propagation Delay Time CL = 15 pF, Ry = 2800, (Figures 1 and 2) 7.0 
Low-to-High Level Output ; 

CL = 15pF, Ry, = 2809, (Figures 1 and 2) || as | co 
C., = 50 pF, Ry, = 2800, (Figures 1 and 2) F eee 
CL = 50 pF, Ry. = 2800, (Figures 1 and 2) Eel 

Before Input Enable Goes Low Pt fo | 
Hold Time on Data Input 
After Input Enable Goes Low 


CL = 15 pF, (Figures 1 and 3) 





ns 


















s89esd 





DS3685 


Switching Characteristics Voc = 5V, Ta = 25°C, unless otherwise noted. (Continued) 














Delay from Disable Input to 
Logical ‘1” Level! (from High 
Impedance State) 







Delay from Disable Input to 
High Impedance State (from 
Logical '‘0” Level) 






Delay from Disable Input to 
High Impedance State (from 
Logical ‘‘1” Level) 
Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the O0°C to + 70°C range for the DS3685. All typical values are for Ta = 25°C and Voc = SV. 


Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 


Note 4: Only one output should be shorted at one time. 






AC Test Circuit and Switching Time Waveforms 


TEST Vcc 
POINT 
280 
FROM OUTPUT 
UNDER TEST 
: 3V 
: INPUT 1.5V 4.5V 
ov 
tPHL tPLH 
ac OUTPUT 1.5V 1.5V 
TL/F/5220-3 TL/F/5220-4 
FIGURE 1 FIGURE 2 


OUTPUT 
DISABLE 


Vv 


ov 


= 1.5V 


OUTPUT Vo. 


Von 





= 1.5V 
4 


=1.5V 





TL/F/5220-5 
TL/F/5220-6 


Input characteristics: PRR < 1 MHz, Zout = 500, t, < 2.5 ns, ty s 2.5ns. 
FIGURE 3 FIGURE 4 
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Operating Waveform 


OUTPUT 
DISABLE 


OUTPUT sme cme somse 


OUTPUT 
TRI-STATE 


INPUT DATA VALID 


—_— 


“DATA. mr ATA DATA 
LATCHED FEED- LATCHED 
Po re 
ourpur | OUTPUT 
ACTIVE 
OUTPUT ACTIVE 
TL/F/5220~-7 


*When the Input Enable makes a positive transition the output will be indeterminate for a short duration. 
The positive transition of the Input Enable normally occurs during a don’t-care timing state at the output. 
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DS16149/DS16179/DS36149/DS36179 


National 
Semiconductor 
Corporation 


DS16149/DS36149, DS16179/DS36179 Hex MOS Drivers 


General Description Features 


The DS16149/DS36149 and DS16179/DS36179 are Hex ™ High speed capabilities 

MOS drivers with outputs designed to drive large capacitive ¢ Typ 9 ns driving 50 pF 

loads up to 500 pF associated with MOS memory systems. ¢ Typ 29 ns driving 500 pF 

PNP input transistors are employed to reduce input currents © Built-in 15 © damping resistor (0S16149/DS36149) 
allowing the large fan-out to these drivers needed in memo- =m Same pin-out as DM8096 and DM74366 
ry systems. The circuit has Schottky-clamped transistor log- 

ic for minimum propagation delay, and a disable control that 

places the outputs in the logic ‘‘1” state (see truth table). 

This is especially useful in MOS RAM applications where a 

set of address lines has to be in the logic “1” state during 

refresh. 

The DS16149/DS36149 has a 15 2 resistor in series with 

the outputs to dampen transients caused by the fast-switch- 

ing output. The DS16179/DS36179 has a direct low imped- 

ance output for use with or without an external resistor. 


Schematic Diagram 


EQUIVALENT INPUT 


INTERNAL 
LOGIC 
CIRCUITRY 


* DS16149/DS36149 only. 


TL/F/7553-1 
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. F . eae ” 

Absolute Maximum Ratings (note 1) Operating Conditions 3 
Specifications for Military/Aerospace products are not Min Max Units rs 
contained in this datasheet. Refer to the associated Supply Voltage (Vcc) 4.5 5.5 Vv © 
rellability electrical test specifications document. Temperature (Ta) oO 
Supply Voltage 7.0V DS16149, 0S16179 —55 +125 °C w 
Logical ‘1” Input Voltage 7.0V DS36149, DS36179 0 +70 °C bad 
Logical ‘‘0” Input Voltage —1.5V Pe 
Storage Temperature Range —65°C to + 150°C oO 
Maximum Power Dissipation* at 25°C 9 
Cavity Package 1371 mW o> 
Molded Package 1280 mW > 
Lead Temperature (Soldering 10 seconds) 300°C ~ 
“Derate cavity package 9.1 mW/°C above 25°C; derate molded package 4 
10.2 m/W°C above 25°C. PA) 
o> 

—_, 

~“ 

wo 


DC Electrical Characteristics (notes 2 and 3) 


Vin) | Losical“0"InputVotage | SSCS S| id 








iin(0) | Logical “0” Input Current | Voc = 5.5V, Vin = 0.5V | | 50 | 250] pA 

Vctamp | Input Clamp Voltage Voc = 4.5V, lin = —18mA | | -0.75 | -12 | Vv 

VOH Nats a Output Voltage Vio 48V lon = —10pA DS16149/DS16179 [Sai wag. pa. 2 4 V 

rata psse149/psae179 | 35 | 43 | | Vv 

VoL ae . Output Voltage | y= 45V, Io, = 10 pA _0S16149/DS16179 | | 0.25 | o4 |v 

0a ps3e149/ps36179 | | 025 | 035 | Vv 

Von Logical “1” Output Voltage DS16149 |24{ 35 | | ov 
ie foster | 

Ds36149 Ea 

DS36179 p27] 36 | | Vv 

VoL Logical “0” Output Voltage DS16149 | [| coe | ta [ov 
omits fosters 

Voo= 45V. ig = oma |_BS18179 | | oa | os |v 

ps36149 | | o6 | to |v 

DS36179 | | oa | os |v 

lip Logical “1” Drive Current Voc = 4.5V, Vout = OV, (Note 4) | | -250 | | mA 

lop Logical ‘‘O’’ Drive Current Voc = 4.5V, Vout = 4.5V, (Note 4) | | 50 | mA 

loc Power Supply Current Disable Inputs = OV fr A 

Voc = 5.5V All Other Inputs = 3V 
All Inputs = OV 14 | | 20 | im 


Switching Characteristics (Vcc = 5v, Ta = 25°C) (Note 4) 


Parameter 


Storage Delay Negative Edge (Figure 1) 


Storage Delay Positive Edge (Figure 1) 
G=soopF | | 8 | 13 


Fall Time Fiower | = sor [| | 5 | 8 | 
| = so0prF | | 22 | 35 | 
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-DS16149/DS16179/DS36149/DS36179 


Switching Characteristics (Vcc = 5v, Ta = 25°C) (Note 4) (Continued) 


Conditions | Min | Typ _| 


| Max | 
Rise Time (Figure 7) c=sopF | | 6 | 9 | 
c.=s500pF | | 26 | 35 | 













Delay from Disable Input Ri = 2k2 to Gnd, 
to Logical ‘*1” CL = 50 pF, (Figure 2) 


Delay from Disable Input RL = 2k. to Voc, 18 
to Logical “0” CL = 50 pF, (Figure 3) 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS16149 and DS16179 and across the 0°C to 
+70°C range for the DS36149 and DS36179. All typical values are for Ta = 25°C and Vcc = SV. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 


Note 4: When measuring output drive current and switching response for the DS16179 and 0S36179 a 15 NM resistor should be placed in series with each output. 
This resistor is internal to the 0S16149/DS36149 and need not be added. 





Connection Diagram Truth Table 


Disable Input 


Dual In-Line Package 
Vcc OIS2 ING OUTG& INS OUTS IN4 OUT4 


0 
0 
1 
0 
1 





X = Don’t care 





DIS) IN1 OUT? IN2  QUT2 IN3  OUT3 GND 
TL/F/7553-2 
Top View 


Order Number DS16149J, DS36149J, DS 16179u, 
DS36179J, DS36149N or DS36179N 
See NS Package Number J16A or N16A 


AC Test Circuits and Switching Time Waveforms 
tsi, tsi, tr, te 


Vcc 


3V 
INPUT 
OV 






PULSE 
GENERATOR 
(NOTE 1) 





O Vout 
OUTPUT 


Cy 
(NOTE 2) 


TL/F/7553~3 
FIGURE 1 


4-60 


AC Test Circuits and Switching Time Waveforms (Continueg) 
tLH 


Vec 


PULSE 


GENERATOR 
(NOTE 1) OUTPUT 


Vou 
50 pF 


(NOTE 2) ai 


= = TL/F/7553-4 
FIGURE 2 


3V 


QV 
PULSE 
GENERATOR O Vout 
(NOTE 1) Vou 


50 pF OUTPUT 


T (NOTE 2) 


= TL/F/7553-5 
FIGURE 3 

"Internal on DS16149 and DS36149 

Note 1: The pulse generator has the following characteristics: Zoyt = 50 2 and PRR < 1 MHz. Rise and fall times between 10% and 90% points < 5ns. 

Note 2: C, includes probe and jig capacitance. 


Typical Applications 


0S36149 
OR 
0S36179 


6-BIT RAM Mos —] ADDRESS 
ADDRESS DRIVER 


DISABLE MM§270 


0S3649 
OR 
0$3679 


REFRESH & 


6-BIT RAM MOS ADDRESS 


ADDRESS ORIVER 


DISABLE 


OS3676 “0” ADDRESS 
MOS “1 COUNTER 


COUNTER 
ORIVER 


ENABLE 


ADORESS OR 
COUNT SELECT TL/F/7553-6 
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DS75361 


National 
Semiconductor 
Corporation 


DS75361 Dual TTL-to-MOS Driver 


General Description 


The DS75361 is a monolithic integrated dual TTL-to-MOS 
driver interface circuit. The device accepts standard TTL 
input signals and provides high-current and high-voltage 
output levels for driving MOS circuits. It is used to drive 
address, control, and timing inputs for several types of MOS 
RAMs including the 1103 and MM5270 and MM5280. 

The DS75361 operates from standard TTL 5V supplies and 
the MOS Vss supply in many applications. The device has 
been optimized for operation with Voce supply voltage from 
16V to 20V; however, it is designed for use over a much 
wider range of Voce. 


Schematic and Connection Diagrams 


(1/2 shown) 


Voe1 


TO OTHER 
ORIVER 


INPUT A 


ENABLE E 


TO OTHER 
ORIVERS 


Features 

m Capable of driving high-capacitance loads 

m= Compatible with many popular MOS RAMs 

™ Voce supply voltage variable over wide range to 24V 
m Diode-clamped inputs 

m@ TTL compatible 

m Operates from standard bipolar and MOS supplies 
@ High-speed switching 

@ Transient overdrive minimizes power dissipation 

w@ Low standby power dissipation 


Dual-In-Line Package 
Voc1 Y1 Y2 Vec2 


OUTPUT Y 


E A2 GND 
TL/F/7557-1 
Top View 


Order Number DS75361J or DS75361N 
See NS Package Number JO8A or NO8E 


TL/F/7557-3 
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Absolute Maximum Ratings (note 1) 


L9€SZSG 


Specifications for Military/Aerospace products are not Lead Temperature 1/16 inch from Case for 

contained in this datasheet. Refer to the associated 60 Seconds: J Package 300°C 

reliability electrical test specifications document. Lead Temperature 1/16 inch from Case for 

Supply Voltage Range of Vcc, (Note 1) —0.5 to 7V 10 Seconds: N or P Package 200°C 

Supply Voltage Range of Vcca2 —0.5V to 25V *Derate molded package 8.2 mW/* above about 25°C. 

Input Voltage 5.5V 

Inter-Input Voltage (Note 4) 5.5V Operating Conditions 

Storage Temperature Range —65°C to + 150°C Min Max Units 

Maximum Power Dissipation* at 25°C Supply Voltage (Vcc1) 4.75 5.25 V 
Molded Package 1022 mw Supply Voltage (Vec2) 4.75 24 Vv 

Operating Temperature (Ta) 0 +70 °C 


Electrical Characteristics (Notes 2 and 3) 


Symbol Conditions | min | typ | Max | Units 
Via | HighLovelinputVotage | | dV 


Vi.__| Low-Levelinputvotage | tw 
Vi__| inputciamp voltage [= ~12ma || wt 
Vou Nortel ovpu votes Y= 28K lod = eek _1 vera — Were —07} _ v 
Sian eees sion oa v 
Vo. | Low-Level Output Voltage fo OAS | V 
Voce = 15V to 24V, Viy = 2V, ea pe pe ‘ 

lo. = 40 mA 





Vo Output | Output Clamp Voltage | Voltage Vi=O0V,lon=20mA = OV, lon = 20mA | Voge + 1.8 | + 1.5 V 


I; Input Current at Maximum V| = 5.5V mA 
Input Voltage 

IH High-Level Input Current Vy) = 2.4V A Inputs ee ae Be pA 

eit | ft 


i, | Low-Level input Gurrent vzoay [Alnus | |= |-1.6 | ma 
jEtnput | {| 2 | 32 | sma 

lcc1(H) | Supply Current from Vcocy, Both Le 
Outputs High Voc1 = 5.25V, Voce = 24V, 

Icca(H) | Supply Current from Vec2, Both | Allinputs atOV, No Load a 
Outputs High 

loc1(t) Supply Current from Voc, Both 
Outputs Low Veo = 5.25V, = 

Icca(L) | Supply Current from Vcce2, Both | All Inputs at 5V, No Load 7 14 an 
Outputs Low 

locas) | Supply Current from Voce, Voci = OV, Vece = 24V, i 
Stand-by Condition All Inputs at 5V, No Load 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to + 70°C range for the DS75361. All typical values are for Ta = 25°C and Vcc; = 5V and 
Voce = 20V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: This rating applies between the A input of either driver and the common E input. 
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Switching Characteristics voc; = 5v, Veco = 20V, Ta = 25°C 


Conditions 
Delay Time, Low-to-High Level Output 
Delay Time, High-to-Low Level Output 





DS75361 















C. = 390 pF, 
Rp = 102 
(Figure 1) 












AC Test Circuit and Switching Time Waveforms 


INPUT SV 20V 
O) 






PULSE 
GENERATOR 
(NOTE 1) 






O OUTPUT 


C. 
4 | \ (NOTE 2) 


TL/F/7557-4 


QUTPUT 





Vou 
TL/F/7557-5 


Note 1: The pulse generator has the following characteristics: PRR = 1 MHz, Zoyy = 502. 
Note 2: C, includes probe and jig capacitance. 


FIGURE 1. Switching Times, Each Driver 
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Typical Performance Characteristics 


PROPAGATION DELAY TIME, 
LOW-TO-HIGH-LEVEL OUTPUT (as) 


HIGH-LEVEL OUTPUT VOLTAGE (V) 


TOTAL POWER DISSIPATION (mW) 


-2.5 + Vec2 = 20V H UTe-° 
rer MT 


-3.0 


High-Level Output Voltage vs 


q 


Voces * 8V 








-001 8 -O.1 -1 -10 ~100 
HIGH-LEVEL OUTPUT CURRENT (mA) 


Total Dissipation (Both Drivers) 


vs Frequency 


Veer §¥ 

Veeg * 20V 

eco INPUT: JV SQUARE WAVE 
(88% DUTY CYCLE) 


700 T2238 


$00 
400 
300 
200 Fe 

10 FT 


f i ul 

JT TMA 

BE) PAAR All 
re ZAI 
eZ ZT 





O1 02 04 1 z2 4 10 
FREQUENCY (MHz) 


Propagation Delay Time, 

Low-to-High Level! Output 

vs Vec2 Supply Voltage 
0 


| | | tse | 
ao ee ae Ge 
||P e=z0b oe | 


4a 








"Tere | T 
a on a 

fc 
0 4 8 12 18 20 24 
SUPPLY VOLTAGE (V) 





LOW-TO-HIGH-LEVEL OUTPUT (ns} LOW-LEVEL OUTPUT VOLTAGE (Vv) 


PROPAGATION DELAY TIME, 


PROPAGATION DELAY TIAME 
HIGH-TO-LOW-LEVEL OUTPUT (ns) 


PROPAGATION DELAY TIME, 
HIGH-TO-LOW-LEVEL OUTPUT (ns) 








Low-Level Output Voltage vs 





6G 20 40 60 80 = 100 
LOW-LEVEL OUTPUT CURRENT (mA) 


Propagation Delay Time, 
Low-to-High Level Output 
vs Ambient Temperature 





0 
Oo 10 20 30 40 50 60 70 80 


AMBIENT TEMPERATURE (°C) 


Propagation Delay Time, 
High-to-Low Level Output 


Voces * 5V 
Ro = 1022 


o 4 8 12 16 20 2 
SUPPLY VOLTAGE (V} 


Propagation Delay Time, 
High-to-Low Level Output 
vs Load Capacitance 


Voc *® $V 


T,. 225°C 
(FIGURE 1} 


0 
6 106 200 300 400 500 600 


LOAD CAPACITANCE (pF) 
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PROPAGATION DELAY TIME 
HIGH-TO-LOW-LEVEL OUTPUT (ns) OUTPUT VOLTAGE (V) 


PROPAGATION DELAY TIME, 
LOW-TO-HIGH-LEVEL OUTPUT (ns) 


Voltage Transfer 





0 0.5 1 1.5 2 25 
INPUT VOLTAGE (V) 


Propagation Delay Time, 
High-to-Low Level Output 
vs Ambient Temperature 


sl 
ie 














ts BR 
ee i 
(FIGURE 1) LaVeae 
0 10 20 30 40 50 60 70 80 
AMBIENT TEMPERATURE (°C) 





Propagation Delay Time, . 

Low-to-High Level Output 

vs Load Capacitance 
60 


Vec2 = 20V 
(ianen] a 
URE1 
a0 (FIGURE 1) A 









0 
0 100 200 300 400 500 600 
LOAD CAPACITANCE (pF) 


TL/F/7557-2 
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DS75361 


Typical Applications 

The fast switching speeds of this device may produce unde- 
sirable output transient overshoot because of load or wiring 
inductance. A small series damping resistor may be used to 
reduce or eliminate this output transient overshoot. The 


§V 19.6V 


16.7V 

















Vec1 Ves Vss 
—PlA DATAIN p Ao 
> A, 
a 
TTL DS75361 eee ee Ball = 3 
INPUTS (2PACKAGES) | CHIP Bs 
ENABLE = s 
READMRITE Qa 
id a Lees 





<eceeoe < < 


~ 
8 





(5 PACKAGES) 


optimum value of the damping resistor to use depends on 
the specific load characteristics and switching speed. A typi- 
cal value would be between 109 and 302 (Figure 3). 


$V 


[tar ae J 


SYSTEM 


SSH | 
ri | 
bsewe, Loess 


TL/F/7557-7 
Note: Rp = 10N to 302 (Optional). 
FIGURE 3. Use of Damping 

Resistor to Reduce or Eliminate 

Output Transient Overshoot in 
Certain DS75361 Applications 





Veer 
A 
DS75361 A 


E 





TL/F/7557-6 


FIGURE 2. Interconnection of DS75361 Devices with 1103 RAM 


Thermal Information 


POWER DISSIPATION PRECAUTIONS 


Significant power may be dissipated in the DS75361 driver 
when charging and discharging high-capacitance loads over 
a wide voltage range at high frequencies. The total dissipa- 
tion curve shows the power dissipated in a typical DS75361 
as a function of load capacitance and frequency. Average 
power dissipated by this driver can be broken into three 
components: 


Pray) = Pocavy + Pocavyy) + Psavy 
where Pocyav) is the steady-state power dissipation with the 
output high or tow, Pcavy is the power level during charging 
or discharging of the load capacitance, and Pgay) is the 
power dissipation during switching between the low and 
high levels. None of these include energy transferred to the 
load and all are averaged over a full cycle. 
The power components per driver channel are: 
Pitt + PHty 
Poo(ay) = > 
Poiav) = © Vc? f 
p — PLHtty + PHLtHL 
a aia 
where the times are defined in Figure 4. 


P_, Py, PtH, and Py. are the respective instantaneous lev- 
els of power dissipation and C is load capacitance. 


The DS75361 is so designed that Pg is a negligible portion 
of Pr in most applications. Except at very high frequencies, 
tL + ty > tly + ty_ so that Ps can be neglected. The total 
dissipation curve for no load demonstrates this point. The 
power dissipation contributions from both channels are then 
added together to obtain total device power. 

The following example illustrates this power calculation 
technique. Assume both channels are operating identically 
with C = 200 pF, f = 2 MHz, Voc; = 5V, Voce = 20V, and 
duty cycle = 60% outputs high (ty/T = 0.6). Also, assume 
Vou = 19.8V, VoL = 0.1V, Ps is negligible, and that the 
current from Vcc is negligible when the output is high. 
On a per-channel basis using data sheet values: 


Ppc(Av) = | ey (254) + (20V) (2m4) (0.6) + 


[9 (24) + am (24 Jon 
Pociav) = 47 mW per channel 
Poyav) ~ (200 pF) (19.2V)2 (2 MHz) 
Poiav) ~ 148 mW per channel. 
For the total device dissipation of the two channels: 
Pray) ~ 2 (47 + 148) 
Pray) = 390 mW typical for total package. 





TL/F/7557-8 


FIGURE 4. Output Voltage Waveform 
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DS75365 Quad TTL-to-MOS Driver 


General Description 


The DS75365 is a quad monolithic integrated TTL-to-MOS 
driver and interface circuit that accepts standard TTL input 
signals and provides high-current and high-voltage output 
levels suitable for driving MOS circuits. It is used to drive 
address, control, and timing inputs for several types of MOS 
RAMs including the 1103. 


The DS75365 operates from the TTL 5V supply and the 
MOS Vsg and Veg supplies in many applications. This de- 
vice has been optimized for operation with Voce supply volt- 
age from 16V to 20V, and with nominal Voc3 supply voltage 
from 3V to 4V higher than Vcco. However, it is designed so 
as to be usable over a much wider range of Voce and Vcc3. 
In some applications the Vcc3 power supply can be elimi- 
nated by connecting the Voc to the Voce pin. 


Features 

@ Quad positive-logic NAND TTL-to-MOS driver 

@ Versatile interface circuit for use between TTL and 
high-current, high-voltage systems 


Capable of driving high-capacitance loads 
Compatible with many popular MOS RAMs 
Interchangeable with Intel 3207 

Vcc2 supply voltage variable over side range to 24V 
maximum 

Voc3 supply voltage pin available 

Vcc3 pin can be connected to Vcc2 pin in some 
applications 

TTL compatible diode-clamped inputs 

Operates from standard bipolar and MOS supply 
voltages 

Two common enable inputs per gate-pair 
High-speed switching 

Transient overdrive minimizes power dissipation 
Low standby power dissipation 


Schematic and Connection Diagrams 


Veer Voces Vec2 


TO OTHER 
DRIVERS 


INPUT A 
ENABLE Et 


ENABLE E2 


TO OTHER 
ORIVERS 


ONE OF 4 SHOWN 





Dual-In-Line Package 


OUTPUT 
Y 


161 1&2 Y2 GND 


TL/F/7560-2 
Top View 
Positive Logic: Y = A®E1*E2 


Order Number DS75365J or DS75365N 
See NS Package Number J16A or N16A 
GND 


TL/F/7560-1 
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Absolute Maximum Ratings (note 1) Operating Conditions 
Specifications for Military/Aerospace products are not Min Max Units 
contained in this datasheet. Refer to the associated Supply Voltage (Vcc1) 4.75 5.25 Vv 
reliability electrical test specifications document. Supply Voltage (Vcca) 4.75 24 V 
Supply Voltage Range of Vcc; —0.5V to 7V Supply Voltage (Vcc3) Voce 28 V 
Supply Voltage Range of Voce —0.5V to 25V Voltage Difference Between 0 10 Vv 
Supply Voltage Range of Vcc3 —0.5V to 30V Supply Voltages: Voc3-Vcce2 
nput Voltage 5.5V Operating Ambient Temperature 0 70 °C 
Inter-Input Voltage (Note 4) 5.5V Range (Ta) 
Storage Temperature Range —65°C to + 150°C 
Maximum Power Dissipation* at 25°C 

Cavity Package 1509 mW 

Molded Package 1476 mW 
Lead Temperature (Soldering, 10 sec) 300°C 


* Derate cavity package 10.1 mW/°C above 25°C; derate molded package 
11.8 mMW/°C above 25°C, 


Electrical Characteristics (notes 2 and 3) 


Symbol| Parameter | Gonaitions, =| in’| typ | Max [Units 
Vin [HighLevotinputvotage | | | 
Vn__|Low-Levelinputvottage | 
Vi__|inputClampvottage — u==tama |= 
Vou [High-Level Output Voltage] Vocs = Voce + 8V, Vi. = 0.8V,lon= — 100HA]Voor-09[Vooe-0.1| | 
Vocs = Voce + 9¥. Vi. = 0.8V;lon= = 10mA [Voce-1.2{Vece-09| 
Veo3 = Voce, Vir = 0.8V; lon = = 50 nA |Voce-1|Voce-07| 
Noos = Voz, i= O.8Vilon=-10mA [Voce 29|Voce-1.8| 
VoL Low-Level Output Voltage | Viq = 2V, lo. = 10 mA a ee ee 
Noos = 15Vt028V, Vn = 2Vslon=40ma | | 025 | 08 
Vo__[Outputciampvottage |Vi=Ovion=20ma | Tce + 1.8 
tecenpre 
Input Voltage 

r froertioncimen Ja aey Abate ———_f}__}_t_e_ HA 

evande2inputs | | | 
hu ace = 0.4V Aimputs | Tt 106 | ma 

Evandezinputs | | 2 | 92 | ma 


loc1(H) |Supply Current from Vec1,|Voc1 = 5.25V, Voce = 24V 
All Outputs High Vocs = 28V, All Inputs at OV, No Load 
loca) | Supply Current from Voca, 
All Outputs High 
loca(H) | Supply Current from Vccs, 
All Outputs High 
loc1(L) | Supply Current from Voc1,|Voc1 = 5.25V, Voce = 24V 
All Outputs Low Vocs = 28V, All Inputs at 5V, No Load 
lcca(L) | Supply Current from Veco, 
All Outputs Low 
local) | Supply Current from Vccs, 
All Outputs Low 


Icca(H) | Supply Current from Vcoce,|Voc1 = 5.25V, Vece = 24V 
All Outputs High Voc3 = 24V, All Inputs at OV, No Load 


Icca(H) | Supply Current from Vccs, 
All Outputs High 


< 





<i<j<j<|<|/<|/</</< 
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Electrical Characteristics (Notes 2, 3) (Continued) 


Conditions [Min | Typ | Max | Unite 


Supply Current from Voce, | Voci = OV, Voce = 24V 
Stand-By Condition Voc3 = 24V, All Inputs at 5V, No Load 


Supply Current from Voc3, 
Stand-By Condition 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Uniess otherwise specified, min/max limits apply across the 0°C to + 70°C range for the DS75365. All typical values are for Ta = 25°C and Voc, = 5V and 
Voce = 20V and Vcoc3 = 24V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 


Note 4: This rating applies between any two inputs of any one of the gates. 


















Ioca2(s) 


locas) 


Switching Characteristics vec; = 5V, Voce = 20V, Vecg = 24V, Ta = 25°C 


Conditions | Min | Typ | Max_| 
Delay Time, Low-to-High Level Output Cy = 200 pF te > 
Delay Time, High-to-Low Level Output Ro = 240 

(Figure 1) 

Transition Time, Low-to-High Level Output 


Transition Time, High-to-Low Level Output 
Propagation Delay Time, Low-to-High Level Output 


Propagation Delay Time, High-to-Low Level Output 





AC Test Circuit and Switching Time Waveforms 


INPUT 5V 24V 20V <10 ns 


|_|_I Ww 
[Yees Veca Veca | 











PULSE 
GENERATOR 
(NOTE 1) 





INPUT 





OUTPUT 





| ov 
Cy 
_| a (NOTE 2) 
2.4V — = 
~~ we Vou 
TL/F/7560-3 
OUTPUT 
Vor 


; TL/F/7560-4 
Note 1: The pulse generator has the following characteristics: PRR = 1 MHz, Zour = 582. 


Note 2: C, includes probe and jig capacitance. 
FIGURE 1. Switching Times, Each Driver 
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Typical Performance Characteristics 


High-Level Output Voitage vs High-Level Output Voltage vs Low-Level Output Voltage 


Output Current : Out Current 


eG 


HIGH-LEVEL OUTPUT VOLTAGE (V) 
HIGH-LEVEL OUTPUT VOLTAGE (V) 


HIGH-LEVEL OUTPUT CURRENT (mA) HIGH-LEVEL OUTPUT CURRENT (mA) 


OUTPUT VOLTAGE (V) 
TOTAL DISSIPATION (mW) 


{NPUT VOLTAGE (Vv) FREQUENCY (MHz) 


Propagation Delay Time, Propagation Delay Time, 


Output Current 


LOW-LEVEL OUTPUT VOLTAGE (V) 


40 60 80 100 
LOW-LEVEL OUTPUT CURRENT (mA) 


TL/F/7560-5 


Propagation Delay Time, 
Voltage Transfer Total Dissipation (All Four Low-to-High Level Output 
- Characteristics = Drivers) vs Frequency 


Pt TT 7A VT 
pa BE 


a VS Ambient Temperature 


PROPAGATION DELAY TIME, 
LOW-TO-HIGH LEVEL OUTPUT {ns} 


Ro = 2432 
(FIGURE 1) 


10 20 30 40 50 60 70 80 
AMBIENT TEMPERATURE [ C) 





Propagation Delay Time, 


High-to-Low Level Output Low-to-High Level Output vs High-to-Low Level Output 


vs Ambient Temperature Vec2 Supply Voltage 


Veer * 5V 
Vec2 = 20V 
Vec3 = 24 
Ry = 241) 
(FIGURE 4) 


PROPAGATION DELAY TIME, 
HIGH-TO-LOW LEVEL OUTPUT (ns) 
LOW-TO-HIGH LEVEL OUTPUT (ns) 


PROPAGATION DELAY TIME, 


10 20 30 40 §0 60 70 80 
AMBIENT TEMPERATURE (°C) SUPPLY VOLTAGE {V) 


Propagation Delay Time, 
Low-to-High Level Output vs 


Load Capacitance 
60 66 
50 50 


PROPAGATION DELAY TIME, 
LOW-TO-HIGH LEVEL OUTPUT {ns} 

PROPAGATION DELAY TIME, 
HIGH-TO-LOW LEVEL OUTPUT (ns) 


§0 100 150 200 250 300 350 400 
LOAD CAPACITANCE (pF) 
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vs Veco Supply Voltage 


PROPAGATION DELAY TIME, 
HIGH-TO-LOW LEVEL OUTPUT (ns) 


SUPPLY VOLTAGE (V) 


Propagation Delay Time, 
High-to-Low Level Output vs 
Load Capacitance 


50 100 150 200 250 300 350 400 
LOAD CAPACITANCE (pF) 
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jeer Vec3 wy on BB 


DATAIN 


Y 
v PRECHARGE 
ies E1 0875365 
CHIP ENABLE 


Y REAOMRITE 


GND =! Vpoo GND 


1103 RAM 


to Veca Veer 
Y A 


DS75365 
(21/2 
PACKAGES) 


TTt 
INPUTS 


ADDRESS INPUTS 
PF ecceee > 


<< eoccee< 


E2 


TL/F/7560-7 


FIGURE 2. Interconnection of DS75365 Devices 
with 1103-Type Sillcon-Gate MOS RAM 


Typical Applications 


The fast switching speeds of this device may produce unde- 
sirable output transient overshoot because of load or wiring 
inductance. A small series damping resistor may be used to 
reduce or eliminate this output transient overshoot. The op- 
timum value of the damping resistor depends on the specific 
load characteristics and switching speed. A typical value 
would be between 102 and 30N (Figure 7). 


eng eae 8 
SSD HG | 
Peer ny eee: 


Note: Rp = 102 to 302 (Optional) 
TL/F/7560-8 
FIGURE 3. Use of Damping Resistor to Reduce or 
Eliminate Output Transient Overshoot In Certain 
DS75365 Applications 


Thermal Information 


POWER DISSIPATION PRECAUTIONS 


Significant power may be dissipated in the DS75365 driver 
when charging and discharging high-capacitance loads over 
a wide voltage range at high frequencies. The total dissipa- 
tion curve shows the power dissipated in a typical DS75365 
as a function of load capacitance and frequency. Average 
power dissipation by this driver can be broken into three 
components: 


Pray) = Pociavy) + Pciavy + Psiav) 
where Pocyav) is the steady-state power dissipation with the 
output high or low, Peay) is the power level during charging 
or discharging of the load capacitance, and Pgyay) is the 
power dissipation during switching between the low and 
high levels. None of these include energy transferred to the 
load and all are averaged over a full cycle. 


thi- 


The power components per driver channel are: 


Pit. + Pyty 
Ppc(av) = a aa 


Poiav) « cvct 


p — Protty + PHitHe 
S(Ay) = 


where the times are as defined in Figure 4. 

PL, PH, Pty, and Py, are the respective instantaneous lev- 
els of power dissipation and C is load capacitance. 

The DS75365 is so designed that Ps is a negligible portion 
of Pr in most applications. Except at very high frequencies, 
tL + ty > tLH + tHL so that Ps can be neglected. The total 
dissipation curve for no load demonstrates this point. The 
power dissipation contributions from all four channels are 
then added together to obtain total device power. 


The following example illustrates this power calculation 
technique. Assume ail four channels are operating identical- 
ly with C = 100 pF, f = 2 MHz, Voc = 5V, Voce = 20V, 
Voc3 = 24V and duty cycle = 60% outputs high 
(ty/T = 0.6). Also, assume Voy = 20V, Voy = 0.1V, Ps is 
negligible, and that the current from Vcoco is negligible when 
the output is low. 


On a per-channel basis using data sheet values: 


A 2.2 mA 
Poc(ay) = | en(*24) + (20V) (=224) + (24V) 


(2229)] mo [on (24) + 


(20V) (2=*) + (24V) (Se) ] (0.4) 
Ppciav) = 58 mW per channel 
Poyav) © (100 pF) (19.9V)2 (2 MHz) 
Poiav) = 79 mW per channel. 
For the total device dissipation of the four channels: 
PT(av) = 4(58 +79) 
Pr(av) & 548 mW typical for total package. 


—tiu 


TL/F/7560-9 


FIGURE 4. Output Voltage Waveform 
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Applying Modern Clock 
Drivers to MOS Memories 


INTRODUCTION 


MOS memories present unique system and circuit chal- 
lenges to the engineer since they require precise timing of 
input waveforms. Since these inputs present large capaci- 
tive loads to drive circuits, it is often that timing problems 
are not discovered until an entire system is constructed. 
This paper covers the practical aspects of using modern 
clock drivers in MOS memory systems. Information includes 
selection of packages and heat sinks, power dissipation, 
rise and fall time considerations, power supply decoupling, 
system clock line ringing and crosstalk, input coupling tech- 
niques, and example calculations. Applications covered in- 
clude driving various types shift registers and RAMs (Ran- 
dom Access Memories) using logical control as well as oth- 
er techniques to assure correct non-overlap of timing wave- 
forms. 


Although the information given is generally applicable to any 
type of driver, monolithic integrated circuit drivers, the 
DS0025, DS0026 and DS0056 are selected as examples 
because of their low cost. 


The DS0025 was the first monolithic clock driver. It is in- 
tended for applications up to one megacycle where low cost 
is of prime concern. Table | illustrates its performance while 
Appendix | describes its circuit operation. Its monolithic, 
rather than hybrid or module construction, was made possi- 
ble by a new high voltage gold doped process utilizing a 
collector sinker to minimize VceE sar. 


National Semiconductor 
Application Note 76 

B. Siege! 

M. Scott 


The DS0026 is a high speed, low cost, monolithic clock driv- 
er intended for applications above one megacycle. Table Il 
illustrates its performance characteristics while its unique 
circuit design is presented in Appendix Il. The DS0056 is a 
variation of the DS0026 circuit which allows the system de- 
signer to modify the output performance of the circuit. The 
DS0056 can be connected (using a second power supply) 
to increase the positive output voltage level and reduce the 
effect of cross coupling capacitance between the clock 
lines in the system. Of course the above are just examples 
of the many different types that are commercially available. 
Other National Semiconductor MOS interface circuits are 
listed in Appendix II!. 


The following section will hopefully allow the design engi- 
neer to select and apply the best circuit to his particular 
application while avoiding common system problems. 


PRACTICAL ASPECTS OF USING 
MOS CLOCK DRIVERS 


Package and Heat Sink Selection 


Package type should be selected on power handling capa- 
bility, standard size, ease of handling, availability of sockets, 
ease or type of heat sinking required, reliability and cost. 
Power handling capability for various packages is illustrated 
in Table Ill. The following guidelines are recommended: 


TABLE I. DS0025 Characteristics 


Conditions(V+—V-)=17v_ | Value | Units _ 


Cw =o.0022nF,Rn=on | 30 | ns 


Positive Output Voltage Swing VIN — 
Negative Output Voltage Swing lin = 10 mA, lout = 1mA 





On Supply Current (V+) 


C= 0.0001pFRO= son | 25 | ns 


= = OV, lout = =1mA 


TABLE II. DS0026 Characteristics 


Conditions (v+ ~V-)=17v_| Value | Units _| 


| 7s | ns 


Cin = 0.001 HF, Rin = 09 


RO = 509, C, = 1000 pF 


Positive Output Voltage Swing | Vin — V~ = OV, lour = —1mA 
Negative Output Voltage Swing lin = 10 mA, lout = 1mA 


On Supply Current (V+) 


| ze | ma 
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The TO-5 (‘‘H’”’) package is rated at 750 mW still air (derate 
at 200°C/W above 25°C) soldered to PC board. This popular 
cavity package is recommended for small systems. Low 
cost (about 10 cents) clip-on heat sink increases driving ca- 
pability by 50%. 

The 8-pin (“N”’) molded mini-DIP is rated at 600 mW still air 
(derate at 90°C/W above 25°C soldered to PC board (derate 
at 1.39W). Constructed with a special copper lead frame, 
this package is recommended for medium size commercial 
systems particularly where automatic insertion is used. 
(Please note for prototype work, that this package is only 
rated at 600 mW when mounted in a socket and not one 
watt until it is soldered down.) 

The TO-8 (‘‘G"’) package is rated at 1.5W still air (derate at 
100°C/W above 25°C) and 2.3W with clip-on heat sink 
(Wakefield type 215-1.9 or equivalent—derate at 15 mW/ 
°C). Selected for its power handling capability and moderate 
cost, this hermetic package will drive very large systems at 
the lowest cost per bit. 

Power Dissipation Considerations 


The amount of registers that can be driven by a given clock 
driver is usually limited first by internal power dissipation. 
There are four factors: 

1. Package and heat sink selection 

2. Average dc power, Poc 

3. Average ac power, Pac 

4. Numbers of drivers per package, n 

From the package heat sink, and maximum ambient temper- 
ature one can determine Prax, which is the maximum inter- 
nal power a device can handle and still operate reliably. The 
total average power dissipated in a driver is the sum of dc 
power and ac power in each driver times the number of 
drivers. The total of which must be less than the package 
power rating. 


Poiss = n X (Pac + Poc) < Péax (1) 
Average de power has three components: input power, 
power in the “OFF” state (MOS logic “0’’) and power in the 
“ON” state (MOS logic ‘'1”). 


Poc = Pin + Porr + Pon (2) 


For most types of clock drivers, the first two terms are negli- 
gible (less than 10 mW) and may be ignored. 


Thus: 


Poc = Pon = Ye x (DC) 
where: 

Vt - = Total voltage across the driver 
Req = Equivalent device resistance in the 

“ON” state 

= Vt —V~-/Ison) (3) 
DC = Duty Cycle 
“ON” Time 


“ON” Time + “OFF” Time 
For the DS00285, Req is typically 1 kN while Req is typically 
600M for the DS0026. Graphical solutions for Ppc appear in 
Figure 1. For example if V+ = +5V,V~ = —12V, Req = 
5000, and DC = 25%, then Poc = 145 mW. However, if 
the duty cycle was only 5%, Poc = 29 mW. Thus to maxi- 
mize the number of registers that can be driven by a given 
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clock driver as well as minimizing average system power, 
the minimum allowable clock pulse width should be used for 
the particular type of MOS register. 


225 
200 
175 
150 
125 
100 
15 
50 
25 


POWER DISSIPATION (mW) 





~— =~ REO = 500 
Pet aes 
0 10 20 30 40 50 60 70 
DUTY CYCLE (%) 






TL/F/7322-1 
FIGURE 1. Ppc vs Duty Cycle 


In addition to Ppc, the power driving a capacitive load is 
given approximately by: 


Pac = (V+ —V—-)2 Xf X O, (4) 


where: 

f Operating frequency 

Ci = Load capacitance 
Graphical solutions for Pac are illustrated in Figure 2. Thus, 
any type of clock driver will dissipate internally 290 mW per 
MHz per thousand pF of load. At 5 MHz, this would be 1.5W 
for a 1000 pF load. For long shift register applications, the 
driver with the highest package power rating will drive the 
largest number of bits. 


il 


500 





PEP 
LAL Ye," 100 rt 
Hee ie 


POWER DISSIPATION (mW) 


0 0.5 1.0 1.5 2.0 2.5 
PULSE REPETITION FREQUENCY (MHz) 


TL/F/7322-2 
FIGURE 2. Pac vs PRF 


Combining equations (1), (2), (3) and (4) yields a criterion for 
the maximum load capacitance which can be driven by a 
Pmax _—_—« (DC) 


given driver: 
o <i |r 
L*Flnwt —V-)2 Req (5) 
As an example, the DS0025CN can dissipate 890 mW at 





Ta = 70°C when soldered to a printed circuit board. Req is 
approximately equal to 1k. For Vt = 5V, V- = —12V, 
f = 1 MHz, and de = 20%, C, is: 
1 [90x 10-3) 0.2 
L* 408 (2(17)2 1 x 103 


Cy < 1340 pF (each driver) 


9Z-NV 
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A typical application might involve driving an MM5013 triple 
64-bit shift register with the DS0025. Using the conditions 
above and the clock line capacitance of the MM5013 of 
60 pF, a single DS0025 can drive 1340 pF/60 pF, or ap- 
proximately 20 MM5013’s. 


In summary, the maximum capacitive load that any clock 
driver can drive is determined by package type and rating, 
heat sink technique, maximum system ambient tempera- 
ture, ac power (which depends on frequency, voltage 
across the device, and capacitive load) and dc power (which 
is principally determined by duty cycle). 

Rise and Fall Time Considerations 


In general rise and fall times are determined by (a) clock 
driver design, (b) reflected effects of heavy external load, 
and (C) peak transient current available. Details of these are 
included in Appendixes | and II. Figures A/-3, Al-4, All-2 and 
Ali/-3 illustrate performance under various operating condi- 
tions. Under light loads, performance is determined by inter- 
nal design of the driver; for moderate loads, by load C, be- 
ing reflected (usually as Cg) into the driver; and for large 
loads by peak output current where: 


AV _ lout PEAK 
AT CL 


Logic rise and fall times must be known in order to assure 
non-overlap of system timing. 


Note the definition of rise and fall times in this application 
note follow the convention that rise time is the transition 
from logic “0” to logic ‘‘1” levels and vice versa for fall 
times. Since MOS logic is inverted from normal TTL, “rise 
time” as used in this note is ‘voltage fall” and “fall time” is 
“voltage rise”. 


Power Supply Decoupling 


Although power supply decoupling is a wide spread and ac- 
cepted practice, the question often rises as to how much 
and how often. Our own experience indicates that each 
clock driver should have at least 0.1 uF decoupling to 
ground at the V+ and V~ supply leads. Capacitors should 
be located as close as is physically possible to each driver. 
Capacitors should be non-inductive ceramic discs. This de- 
coupling is necessary because currents in the order of 0.5 
to 1.5 amperes flow during logic transitions. 


There is a high current transient (as high as 1.5A) during the 
output transition from high to low through the V~ lead. If the 
external interconnecting wire from the driving circuit to the 
V— lead is electrically long or has significant de resistance, 
the current transient will appear as negative feedback and 
subtract from the switching response. To minimize this ef- 
fect, short interconnecting wires are necessary and high fre- 
quency power supply decoupling capacitors are required if 
V~— is different from the ground of the driving circuit. 


Clock Line Overshoot and Cross Talk 


Overshoot: The output waveform of a clock driver can, and 
often does, overshoot. It is particularly evident on faster 
drivers. The overshoot is due to the finite inductance of the 
clock lines. Since most MOS registers require that clock 
signals not exceed Vss, some method must be found in 
large systems to eliminate overshoot. A straightforward ap- 
proach is shown in Figure 3. |n this instance, a small damp- 
ing resistor is inserted between the output of the clock driv- 
er and the load. The critical value for Reg is given by: 


Ls 


As=2vG (6) 


vtesv 
0.1uF 
SS 
or, Rs ts 
| | TL C 
{ l.. Rs Ls — 


L osm 
O.1uF 


Tt" 


rad 


-12V 
TL/F/7322-3 
FIGURE 3. Use of Damping Resistor to 
Eliminate Clock Overshoot 


In practice, analytical determination of the value for Rs is 
rather difficult. However, Rs is readily determined empirical- 
ly, and typical values range in value between 10 and 500. 


Use of the damping resistor has the added benefit of essen- 
tially unloading the clock driver; hence a greater number of 
loads may often be driven by a given driver. In the limit, 
however, the maximum value that may be used for Rg will 
be determined by the maximum allowable rise and fall time 
needed to assure proper operation of the MOS register. In 
short: 


tr(MAX) = temAax) S$ 2.2 Rg CL (7) 


One last word of caution with regard to use of a damping 
resistor should be mentioned. The power dissipated in Rs 
can approach (V+ — V~)2 fC, and accordingly the resistor 
wattage rating may be in excess of 1W. There are, obvious- 
ly, applications where degradation of t, and ts by use of 
damping resistors cannot be tolerated. Figure 4 shows a 
practical circuit which will limit overshoot to a diode drop. 
The clamp network should physically be located in the cen- 
ter of the distributed load in order to minimize inductance 
between the clamp and registers. 


+5V 
O.1uF 


ii 





C1<20C, 


-12V 
TL/F/7322-4 
FIGURE 4. Use of High Speed Clamp to 
Limit Clock Overshoot 


Cross Talk: Voltage spikes from $1 may be transmitted to 
éo (and vice versa) during the transition of 1 to MOS logic 
“1”. The spike is due to mutual capacitance between clock 
lines and is, in general, aggravated by long clock lines when 
numerous registers are being driven. Figure 5 illustrates the 
problem. 





a 


-12V 


TL/F/7322-5 
FIGURE 5. Clock Line Cross Talk 


The negative going transition of 64 (to MOS logic ‘1”) is 
capacitively coupled via Cy to d2. Obviously, the larger Cry 
is, the larger the spike. Prior to $4’s transition, Q1 is “OFF” 
since only A are drawn from the device. 


The DS0056 connected as shown in Figure 6 will minimize 
the effect of cross talk. The external resistors to the higher 
power supply pull base of a Q1 up to a higher level and 
forward bias the collector base junction of Q1. In this bias 
condition the output impedance of the DS0056 is very low 
and will reduce the amplitude of the spikes. 


+5V +8V +BV 





080056 


TL/F/7322-6 
FIGURE 6. Use of DS0056 to Minimize 
Clock Line Cross Talk 
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Input Capacitive Coupling 


Generally, MOS shift registers are powered from +5V and 
—12V supplies. A level shift from the TTL levels (+ 5V) to 
MOS levels (—12V) is therefore required. The level shift 
could be made utilizing a PNP transistor or zener diode. The 
disadvantage to dc level shifting is the increased power dis- 
sipation and propagation delay in the level shifting device. 
Both the DS0025, DS0026 and DS0056 utilize input capaci- 
tors when level shifting from TTL to negative MOS capaci- 
tors. Not only do the capacitors perform the level shift func- 
tion without inherent delay and power dissipation, but as will 
be shown later, the capacitors also enhance the perform- 
ance of these circuits. 


CONCLUSION 

The practical aspects of driving MOS memories with low 
cost clock drivers has been discussed in detail. When the 
design guide lines set forth in this paper are followed and 
reasonable care is taken in circuit layout, the DS0025, 
DS0026 and DS0056 provide superior performance for 
most MOS input interface applications. 
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APPENDIX ! 


DS0025 Circuit Operation 


The schematic diagram of the DS0025 is shown in Figure 7. 
With the TTL driver in the logic “0” state Q1 is “OFF” and 
Q2 is “ON” and the output is at approximately one Vpe 
below the V+ supply. 


—_ 
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TL/F/7322-7 
FIGURE 7. DS0025 Schematic (One-Half Circult) 
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When the output of the TTL driver goes high, current is sup- 
plied to the base of Q1, through Cyn, turning it “ON.” As the 
collector of Q1 goes negative, Q2 turns “OFF.” Diode CR2 
assures turn-on of Q1 prior to Q2’s turn-off minimizing cur- 
rent spiking on the V+ line, as well as providing a low im- 
pedance path around Q2’s base emitter junction. 


The negative voltage transition (to MOS logic ‘'1") will be 
quite linear since the capacitive load will force Q1 into its 
linear region until the load is discharged and Q1 saturates. 
Turn-off begins when the input current decays to zero or the 
output of the TTL driver goes low. Q1 turns “OFF” and Q2 
turns “ON” charging the load to within a Vge of the Vt 
supply. 

Rise Time Considerations 

The logic rise time (voltage fall) of the DS0025 is primarily a 
function of the ac load, C,, the available input current and 
total voltage swing. As shown in Figure 8, the input current 


yt 





TL/F/7322-8 
FIGURE 8. Rise Time Model for the DS0025 

must charge the Miller capacitance of Q1, Cro, as well as 

supply sufficient base drive to Q1 to discharge C, rapidly. 

By inspection: 


In = Im + Ip oF In4 (Al-1) 
lin = Im + Ip, for iy > Inq andip > Ip; 
AV 
Ip = lin — Ctc— F 
B= IIN TCT (Al-2) 
If the current through R2 is ignored, 
Ic = IBHFEQ1 = IL + Im (AI-3) 
where: 
AV 
1 = CL.— 
L Lit 
Combining equations Al-1, Al-2, and Al-3 yields: 
AV 
Ty (Ce + Cte (hrea1 + 1) = hrEad lin (Al-4) 
or 
[C. + (h + 1)Ctc] AV 
, = Cit hear + Orel AV (ALS) 


hreai lin 
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Equation (Al-5) may be used to predict t, as a function of C 
and AV. Values for Ctc¢ and hee are 10 pF and 25 pF re- 
spectively. For example, if a DM7440 with peak output cur- 
rent of 50 mA were used to drive a DS0025 loaded with 
1000 pF, rise times of: 


(1000 pF + 250 pF) (17V) 
(50 mA) (20) 


or 21 ns may be expected for V+ = 5.0V, V- = 
Figure 9 gives rise time for various values of C,. 


—12V. 
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TL/F/7322-9 
FIGURE 9. Rise Time vs C, for the DS0025 
Fall Time Considerations 
The MOS logic fall time (voltage rise) of the DS0025 is dic- 
tated by the load, C,, and the output capacitance of Q1. The 
fall time equivalent circuit of DS0025 may be approximated 
yt 


lava 
C, 
TL/F/7322-10 


FIGURE 10. Fall Time Equivalent Circult 


with the circuit of Figure 70. In actual practice, the base 
drive to Q2 drops as the output voltage rises toward Vt. A 
rounding of the waveform occurs as the output voltage 
reaches to within a volt of V+. The result is that equation 
(Al-7) predicts conservative values of t¢ for the output volt- 
age at the beginning of the voltage rise and optimistic val- 
ues at the end. Figure 17 shows t; as function of C,. 
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FIGURE 11. DS0025 Fall Time vs C_ 


Assuming hgez is a constant of the total transition: 


“ae_) 
AV _ 2R2 


i a ENE she (Al-6) 
At Crca1 + CL/hFEQ1 +1 


or 





ty = 2R2 (crear + ) (Al-7) 


NFEQ+1 
DS0025 Input Drive Requirements 


Since the DS0025 is generally capacitively coupled at the 
input, the device is sensitive to current not input voltage. 
The current required by the input is in the 50-60 mA region. 
It is therefore a good idea to drive the DS0025 from TTL line 
drivers, such as the DM7440 or DM8830. It is possible to 
drive the DS0025 from standard 54/74 series gates or flip- 
flops but toy and t, will be somewhat degraded. 


Input Capacitor Selection 


The DS0025 may be operated in either the logically con- 
trolled mode (pulse width out = pulse width in) or Cy) may 
be used to set the output pulse width. In the latter mode a 
long pulse is supplied to the DS0025. 


tin 
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FIGURE 12. DS0025 Input Current Waveform 


The input current is of the general shape as shown in Figure 
72. Imax is the peak current delivered by the TTL driver into 
a short circuit (typically 50-60 mA). Q1 will begin to turn-off 
when ly decays below Vge/R1 or about 2.5 mA. In general: 
lin = IMax e—/RO Ciy (Al-8) 

where: 

RO = Output impedance of the TTL driver 

Cin = Input coupling capacitor 


V 
Substituting lij = IMin = ap and solving for t; yields: 


IMAX 
ty = ROCiy In 

IMIN (Al-9) 
The total pulse width must include rise and fall time consid- 
erations. Therefore, the total expression for pulse width be- 


comes: 
tr + tf 





tpw = +h 


te +t I 
= — + ROC In pas 


2 IMIN 


(Al-10) 


The logic ‘1’’ output impedance of the DM7440 is approxi- 
mately 652 and the peak current (Ijax) is about 50 mA. 
The pulse width for Cijy = 2,200 pF is: 


25ns + 150 ns 
ee 


t 
PW 2 


+ (652) (2200 pF) In 


50 mA 
2.5 mA 


A plot of pulse width for various types of drivers is shown in 
Figure 13. For applications in which the output pulse width is 
logically controlled, Cjyy should be chosen 2 to 3 times larg- 
er than the maximum pulse width dictated by equation 
(Al-10). 

DC Coupled Operation 


The DS0025 may be direct-coupled in applications when 
level shifting to a positive value only. For example, the 
MM1103 RAM typically operates between ground and 
+20V. The DS0025 is shown in Figure 14 driving the ad- 
dress or precharge line in the logically controlled mode. 

If DC operation to a negative level is desired, a level transla- 
tor such as the DS7800 or DH0034 may be employed as 
shown in Figure 75. Finally, the level shift may be accom- 
plished using PNP transistors are shown in Figure 76. 
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FIGURE 13. Output PW Controlled by Ciy 
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FIGURE 14. DC Coupled DS0025 Driving 1103 RAM 
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FIGURE 15. DC Coupled Clock Driver Using DH0034 
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+5V age rises (to about 1.2V), Q1 and Q4 turn-on. Multiple emit- 
O.1uF ter transistor Q1 provides additional base drive to Q5 and 
¢ Q6 assuring their complete and rapid turn-on. Since Q7 and 
Q8 were rapidly turned “OFF” minimal power supply current 
= spiking will occur when Q9 comes “ON.” 


2N3906 


i: EXTERNAL 
T Ciy 


INPUT 


TTL 
INPUTS 





L. osoo2sen 3 
3 ote 


-12V 


TL/F/7322-16 
FIGURE 16. Transistor Coupled DS0025 Clock Driver 


APPENDIX II 
DS0026 Circuit Operation 


The schematic of the DS0026 is shown in Figure 17. The 
device is typically AC coupled on the input and responds to 
input current as does the DS0025. Internal current gain al- 
lows the device to be driven by standard TTL gates and flip- 
flops. , 

With the TTL input in the low state Q1, Q4, Q5, and Q6 are 
“OFF” allowing Q7 and Q8 to come “ON.” R9 assures that 
the output will pull up to within a Vge of V+ volts. When the 
TTL input starts toward logic “1,” current is supplied via Cy 
to the bases of Q5 and Q6 turning them “ON.” Simulta- 





TL/F/7322-17 


neously, Q7 and Q8 are snapped “OFF.” As the input volt- FIGURE 17. DS0026 Schematic (One-Half Circuit) 
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Q4 now provides sufficient base drive to Q9 to turn it “ON.” 
The load capacitance is then rapidly discharged toward V-. 
Diodes D6 and D7 prevent avalanching Q7's and Q8’s 
base-emitter junction as the collectors of Q5 and Q6 go 
negative. The output of the DS0026 continues negative 
stopping about 0.5V more positive than V-. 


When the TTL input returns to logic ‘‘0,”’ the input voltage to 
the DS0026 goes negative by an amount proportional to the 
charge on Cyn. Transistors Q2 and Q3 turn-on, pulling 
stored base charge out of Q4 and Q9 assuring their rapid 
turn-off. With Q1, Q5, Q6 and Q9 “OFF,” Darlington con- 
nected Q7 and Q8 turn-on and rapidly charge the load to 
within a Vee of V+. 

Rise Time Considerations 


Predicting the MOS logic rise time (voltage fall) of the 
DS0026 is considerably involved, but a reasonable approxi- 
. mation may be made by utilizing equation (AI-5), which re- 
duces to: 

tp = [CL + 250 x 10-12] AV (Alll-1) 
For CL = 1000 pF, V+ = 5.0V, V- = —12V, tp = 21 ns. 
Figure 18 shows DS0026 rise times vs C,. 
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TL/F/7322-18 
FIGURE 18. Rise Time vs Load Capacitance 
Fall Time Considerations 


The MOS logic fall time of the DS0026 is determined primar- 
ily by the capacitance Miller capacitance of Q5 and Q1 and 
RS5. The fall time may be predicted by: 


CL 
ty = (2.2)(R5) (cs as | 


(All-2) 
CL 
= (4.4 X 103) (cs + <1.) 
hpee 
where: 
Cg = Capacitance to ground seen at the base of Q3 
= 2 pF 
hee? = (hreqgs + 1) (hreq4 + 1) 
= 500 
For the values given and C_ = 1000 pF, ty = 17.5 ns. 


Figure 19. gives ts for various values of C_. 
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FIGURE 19. Fall Time vs Load Capacitance 


DS0026 Input Drive Requirements 


The DS0026 was designed to be driven by standard 54/74 
elements. The device’s input characteristics are shown in 
Figure 20. There is breakpoint at Vij = 0.6V which corre- 
sponds to turn-on of Q1 and Q2. The input current then 
rises with a slope of about 6002 (R2 || R3) until a second 
breakpoint at approximately 1.2V is encountered, corre- 
sponding to the turn-on of Q5 and Q6. The slope at this 
point is about 1502 (R1 || R2 |} R3 || R4). 


INPUT CURRENT (mA) 
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TL/F/7322-20 
FIGURE 20. Input Current vs Input Voltage 


The current demanded by the input is in the 5-10 mA re- 
gion. A standard 54/74 gate can source currents in excess 
of 20 mA into 1.2V. Obviously, the minimum “1” output volt- 
age of 2.5V under these conditions cannot be maintained. 
This means that a 54/74 element must be dedicated to driv- 
ing 1/2 of a DS0026. As far as the DS0026 is concerned, 
the current is the determining turn-on mechanism not the 
voltage output level of the 54/74 gate. 


Input Capacitor Selection 


A major difference between the DS0025 and DS0026 is that 
the DS0026 requires that the output pulse width be logically 
controlled. In short, the input pulse width = output pulse 
width. Selection of Cy boils down to choosing a capacitor 
small enough to assure the capacitor takes on nearly full 
charge, but large enough so that the input current does not 
drop below a minimum level to keep the DS0026 “ON.” As 
before: 


IMAX 


= ROCiN In (All-3) 
or 
Cin = 1 (All-4) 
RO In MAX 
IMIN 
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In this case RO equals the sum of the TTL gate output im- 
pedance plus the input impedance of the DS0026 (about 
1502). Imin from Figure 27 is about 1 mA. A standard 54/74 
series gate has a high state output impedance of about 
150 in the logic “1” state and an output (short circuit) 
current of about 20 mA into 1.2V. For an output pulse width 
of 500 ns, 


500 x 10-9 
Cin = = 560 pF 


(1509 + 150) In ms 





1mA 


Vout (V) 





tour (mA) TL/F/7322-21 
FIGURE 21. Logical “1” Output Voltage 
vs Source Current 
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FIGURE 23. DC Coupled RAM Memory Address or 


In actual practice it’s a good idea to use values of about 
twice those predicted by equation (AlI-4) in order to account 
for manufacturing tolerances in the gate, DS0026 and tem- 
perature variations. 


A plot of optimum value for Ciy vs desired output pulse 
width is shown in Figure 22. 
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FIGURE 22. Suggested Input Capacitance vs 
Output Pulse Width 
DC Coupled Applications 
The DS0026 may be applied in direct coupled applications. 
Figure 23 shows the device driving address or pre-charge 
lines on an MM1103 RAM. 
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Precharge Driver (Positive Supply Only) 
For applications requiring a dc level shift, the circuits of Figure 24 or 25 are recommended. 





-12V 


FIGURE 24. Transistor Coupled MOS Clock Driver 
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FIGURE 25. DC Coupled MOS Clock Driver 


APPENDIX III 
MOS interface Circuits 
MOS Clock Drivers 


MHO007 ~=—sCDiirect coupled, single phase, TTL compatible 
clock driver. 

MHO009_ ~=—s Two phase, direct or ac coupled clock driver. 

MH0012 = 10 Mkz, single phase direct coupled clock driv- 
er. 

MHO0013 _ =Two phase, ac coupled clock driver. 

DS0025C_ Low cost, two phase clock driver. 

DSO0026C_ Low cost, two phase, high speed clock driver. 

0S3671 Dual bootstrapped MOS driver. 

DS3674 Quad MOS clock driver. 

DS75361 Dual TTL-to-MOS driver. 

DS75365 Quad TTL-to-MOS driver. 


MOS RAM Memory Address and Precharge Drivers 
DS0025C Dual address and precharge driver. 

DS0026C Dual high speed address and precharge driver. 
TTL to MOS interface 


DHO034 Dual high speed TTL to negative level convert- 
er. 
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DS8800 Dual TTL to negative level converter. 
DS8810/ Open collector TTL to positive high level 
DS8812/ MOS converter gates. 

DS8819 

DS88L12 Active pull-up TTL to positive high level 


MOS converter gates. 
DS3645/DS3675 Hex TRI-STATE® MOS driver. 


DS3647A Quad TRI-STATE MOS driver I/O regis- 
ter. 


DS3648/DS3678 TRI-STATE MOS driver multiplexer. 
DS3649/DS3679 Hex TRI-STATE MOS driver. 


DS36149/ Hex TRI-STATE MOS driver. 
DS36179 


MOS to TTL Converters and Sense Amps 


DS75107, Dual sense amp for MM1103 1k MOS 
DS75207 RAM memory. 


Voltage Regulators for MOS Systems 
LM309, LM340__—s— Positive regulators. 


Series 
LM320 Series Negative regulators. 
LM325 Series Dual + regulators. 
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(3.683-3.937) 








0.070—-0.080 


~———-—-.— TYP 
(1.778—2.032) 






0.145-0.155 






(3.683-3.937) 
TYP 
G12C (REV C) 
NS Package G12C 
0.350-0.370 
(8.890-9.398) 
DIA 0.315—0.33 
DiS Shik 
(8.001-8.509) 
0.025 MAX 


0.165-0.185 
(4.191-4.699) 


UNCONTROLLED 
| (0.635) reap DIA 
REFERENCE PLANE Se nil ain = aa 
0.035. 015-0.040 
0.500 (0.889) ° 


(12.70) MAX (0.381—1.016) 
MIN 


pel BP cca 0.016-0.019 DIA TYP 


(0.406-0.483) 
0.195-0.205 pA 









0.100 (4.953-5.207)1P.C. 
(2.540) 
0.120—0.140 
0.029--0.045 (3.048—3.557) 
(0.737-1.143) 
0.028-0.034 


(0.711—0.864) ev, 
LA 


45° EQUALLY 
SPACED 


HO8C (REV D) 
NS Package H08C 
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iq jeoiskud 


SUOISUDLU! 





Physical Dimensions 








0.400 
(10.160) aes 
an ——— MAX GLASS 
0.025 By 7 et S| (7.874) 
(0.635) "4° 
0.220-0.291 
(5.558-7.391) 
Li} 2} Lat 14 
0.010 
(0.254) 
RAD TYP 
a 0.200 
0,290-0.320 0.005 iy 0.030-0.070 at 
(7.366-8.128) (0.127) (0.762-1.78) (6.080 
4 GLASS 0.150 
0.180 SEALANT (3.810) 






MAX MIN 








(4.572) 
oO ° | 
0.008-0.012 | 95° 45° eae Sy 
(0.203-0.305) ae ar 0.020-0.060 
0310-0.410 be a0 he | || note 20.003 0.018 20.003 0,125-0.200 (0.508—1.524) 
(7.874-10.41) (0.457 +0.076) (3.175—5.080) 
sOTH ENDS 0.100 +0.010 
(2.540 =0.254) 
JOBA (REV H) 
NS Package J08A 
0.785 





ae | 
MAX 
12] 


0.025 


(0.635) 


RAD 0.220-0.310 


(5.588-7.874) 


















0.290-0.320 0,005 0.200 
(7.366-8.128) (0.127) GLASS 0.060 +0.005 (5.080) 
fal SEALANT — (1.524 +0.127) MAX 9 970-0.060 
0.180. (0.508—1.524) 
(4.572) 


86°94° TYP 
* 0.008-0.012 





10° MAX 











(7.874—10.41) 9.098 (0.457 20. tone sa | ase Gen 
(2.489) (3.175—5.080) 
MAX BOTH ENDS 0.100 +0.010° 100 +0.010 0.150 150 
MIN J14A (REV GQ) 
NS Package J14A 


MAX 


0.025 
(0.635) 
RAD 







0.220 0.310 
(5.588 —7.874) 


u 

_ 

—<— 

@, 

0.785 3 
(19.939) > 
| is mo | 2 
3 

@ 

— } 

“ 

°o 

= 

n 


0.005— 0.020 
(0.127 — 0.508) 
RAD TYP 
GLASS 
SEALANT 0.200 
(5.080) 





0.055 + 0.005 


eres MAX 
(1.397 +0.127) 






0.290— 0.320 0.005 
| | (7.366 — 8.128) sia | wan] ia 
0.008-0.012 


































0.180 ee 
asi f * *° (0.203—0.305) 
"I 
0.080 0.018 + 0.003 003, | 0.125—0.200 0.020—0.060 
0.310 - 0.410 (2.032) aa (0.457 £0.076) | (3.175 —5.080) (0.508 — 1.524) 
(7.874 — 10.41) act 
0,100+0,010 0.037 +0.005 
ENDS cra 0.037 + 0.005. 
(2.540 +0.254) (0.940 + 0.127) 
J16A (REV K) 
NS Package J16A 
0.985 
0.025 (25.019) 
(0.635) AX 
RAD 7 
0.220-0.310 _% 
(5.588 — 7.874) 
0.005-0.020 aS 
(0.127 —0.508) 
RAD TYP 0.037+0.005 
(0.940 40.127) 
iis 0.005 0.055 + 0.005 
0.180, 0.290 — 0.320 (0.127) (1.397 0.127) 0.020 — 0.060 
aw (7.366 —8.128) GLASS SEALANT "] MIN (0.508 — 1.524) 
TTWAMIMINAMINAHiail Lj 430 
Fo OU oOo ao rk 
MAX 







86° 94° 0.150, 
0.008 — 0.012 (3.810) 0.125- 0.200 
(0.203 — 0.305) MIN (3.175—5.080) 
0.310-0.410 0.060 0.018+0.003 
(7.874— 10.41) (1.524) ah (0.457 + 0.076) 
BOTH ENDS 0.100+0.010 


(2.540 + 0.254) 
J20A (REV M) 


NS Package J20A 5 


Imensions 


Physical D 


0.373 -0.400 
(9.474 —10.16) 






0.092, 4 0.032 +0.005 
(2.337) (0.813 0.127) 
0.250+0.005 RAD y 
PIN NO. 1 IDENT 16.35 £0,127) 


(6.350.127) PIN NO. 1 IDENT 
OPTION? L® eae ay te 
0.040 ‘ | | , 
——— TYP OPTION 2 





0.280 












—<— MIN 
(7.112) 0.030 sie 

0,300 - 0.320 (0.762) MAX ; o ) 8.039 0.145-0,200 
(7.62—8.128) 20° +1 : (3.683 — 5.080) 









0.125—0.140 



























la | | ae 068, IU (3.175-3.558) tg 
0,009-0.015 isa (1-85) (0.508) 
(0.229 0.381) = oe) MIN 
+0.040 NOM 0.018 + 0.003, 
0.325 *O ois (0.457 +0.076) 
+1.016 0.100+0.010 
(s.285 0.381 (2.540 0.254) 
0.045 +0.015 
(1.143 + 0.381) 0.080 
sess (1.524) 
(1.270) NOBE (REV F) 
NS Package NO8E 
0.843--0.870 
0.090 eee 

0.092 —— | (21.41-22.10) 

Alc (2.286) 

(2.337) re 

DIA NOM ee 
(2x) 
0.250 20.005 
PIN NO. 1 IDENT Gah 
0.280 
La 0.030 
0.300-0.320 | (0.782) Pe 
(7.620-8.128) 0.065 0.060. ——— 0.130 +0.005 





(1.651) (1.524) (3.302 +0.127) 


95°+5° | 0.009-0.015 0.020 
| | (0.229—-0.381) . 


0.075 +0.015 zg lk 0.018 0.003 0.125~0.140, 0.808) 
ozs *0.080 (1.905 20.381) "1 (oas7z007e) (3-175-3.556) 







0.145-0.200 
(3.683-5.080) 







90°+4° 


—0.015 
a) 0.100 +0.010 


(e255 -0:381 (2.540 0.254) 


N16A (REV E) 


NS Package N16A 
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1.013-1.040 
(25.73-26.42) 


1g 1eo1skud 


0.092 X 0.030 


(2.337 X 0.762) 
MAX DP 


0.032 +0.005 


> (0.813 20.127) 
RAD 









SUuOISUdWW 

















0.145-0.200 
(3.683-5.080) 


PIN NO. 1 IDENT 0.260 +0.005 
(6.604 +0.127) PIN NO. 1 sc io A 
0.280 | 
OPTION 1 
(7.112) 112) 
MIN | 
0.300-0.320 ——— OPTION 2 
(7.620-8.128) NOM 0.040 OPTION 2 asi 
0.060 4° (4X) .130 +0. 
0.085 — —_———— 
(3.302 +0.127) 
(1.651) 






g0°+4° 


pene 0.009-0.0101 
(0.229-0.254) TP 0.020 


TYP 0.100 +0.010 Suosacie | be 0.125-0.140 (0.508) 
0.060 +0.005 (2.540 70.254) 0.018 +0.003 |) (3.175-3.556) MIN 
(1.524 20.127) (0.457 +0.076) 





+0,040 
0.325 _o'015 

+1.016 
(e256 et 

N20A (REV F) 
NS Package N20A 
4243-1270 
| (31.57—32.26) ‘| 
0.540 20.005 


(13.716 +0.127) 
















DOTTED OUTLINES 
REFLECT ALTERNATE 
0.580 MOLDED BODY CONFIGURATION 
(14,73) 
Min 0.030 
(0.762) 0.075 0.080 
0.600-0.620 MAX 7908) 0.060 patiedibeh 0.160 +0.005 
(15.26~15.748) { (1.524) (4.064 0.127) 










0.170~0.210 
(4.318-5.334) 







optaie 0.009-0. Cael 
o.g2s 10-028 (0.280.381) 


- a ae | da aes 


5.875 4 383 






0.015 
0.018 
| (0.381) 
0.100 +0. mal a 457 = aah 125-0.80, 0.125-0.140 MIN 


(3.175-3.556) 
(2.640 20.254) 





N24A (REV E) 


NS Package N24A 
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imensions 


Physical D 


95°+8° 















0.600 —0.620 
(19.26—15.74) 


0.580 
(14.73) 
0.009 - 0.015 
(0.229—0.381) 


+0.025 
0.625 O18 





(isan +8.638 


0.050 =0.800 
(1.270 = 20.32) 
16 SPACES AT 


2.932.440 
(60.78 — 61.98) 









0.125 —0.165 
{3.176 —4.191) 
86°ga° 
0.020 TYP 
{0.508) 9.080 + 0.015 0.100 + 0.010 0.018 + 0.003 
MIN {1.2740.381) (2.840.254) {0.457 +0.076) (1.27) 
0.125—0.145 
(3.175 — 3.683) 
NAA (REV 0) 
NS Package N48A 


0.020 
(0.508) 

MIN 
0.104—0.118 
(2.642 —2.997) 














(0.330 
. 0.910-0.930| Typ 
0.050 = 0.800 (23.11 23.62) 


(1.270 = 20.32) SQUARE 
16 SPACES AT CONTACT 
DIMENSION 


(25.02 — 25.27) 
SQUARE 


















0.026 0.032 
(0.660—0.813) 
TYP 


al 





0.032 —0.040 
(0.813 ~ 1.016) 


—F— 5 
N 
} 


0.165—0.180 
0.005 —0.015 (4.191 —4.572) 


(0.127 0.381) 


V6BA (REV G) 


NS Package V68A 
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Solder Tail Dimensioning: 


Dimensions are in inches and millimeters. 






















Sockets Values in brackets are metric equivalents. 
Chart contains dimensions in inches over 
millimeters. 

Pin No. 1 
Indicator 
SG 
X. Embossed Arrow 
(Aligned with Pin No. 1) 
No. of Dimensions Socket Replacement 
Positions A B Cc - Part Numbers Contacts* 
1.385 1.163 1.195/1.185 
eS 35.18 29.54 30.35/30.1 Saints 
1.185 -963 .995/.985 821577 
PP 30.1 24.46 25,27/25.02 belo (inner) 
885 663 .695/.685 821576 
“ 22.48 16.84 17.65/17.4 Belotod (outer) 
.685 463 -495/.485 
= 17.4 11.76 12.57/12.32 Belgert 


“Contacts are press fit. After soldering, the housing can be removed and contact can be replaced. 


Plastic Chip 
.069/ 1.75 Carrier 
oe) 


Be 


ae y, 





eel 2. 22 


Al dl aa coed 
| i d 


Housing 









045 
[1.143] 


Printed Circuit Board 2 


A -125 = .002 
[.279] {3.18 + 0.05} 


Reprinted with permission of AMP Incorporated. 
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Dimensioning: 


Surface Mount Dimensions are in inches and millimeters. 















Sockets Values in brackets are metric equivalents. 
Chart contains dimensions in inches over 
millimeters. 

Pin No. 1 
~~ Indicator 
Embossed Arrow 
(Aligned with Pin No. 1) 
No. of Dimensions Socket Replacement 
Positions A B Cc Part Numbers Contacts* 
1.385 1.163 1.195/1.185 
Ba 35.18 29.54 30.35/30.1 821546-1 
1.185 .963 .995/.985 
68 30.1 24.46 25,27/25.02 pelone| 827522 
885 .663 .695/.685 
a 22.48 16.84 17.65/17.4 821548-1 
.685 -463 -495/.485 
28 17.4 11.76 12.57/12.32 821579-1 


“Contacts are press fit. After soldering, the housing can be removed and contact can be replaced. 


Plastic Chip 
069 k zs) Cartier / 
: | 





-130 = ~~ x Contact 
yo 


Housing f 


340 
[0.64] =k is Sl Y LY 


.090 Ea 






[8.64] 






062 
1.57) 8 


Printed Circuit Board 


Reprinted with permission of AMP Incorporated. 


Recommended Dimensioning: 


Dimensions are in inches and millimeters. 


Printed Circuit Board Values in brackets are metric equivalents. 
Hole Pattern 


.035 + .002 .. 

[0.89 = 0.05) 9/4. ee Dia. = 
- é A + .001 : 
(Thru-Hole, 84 pls.) (Solder Pad, 84 pls.) [1 57 = 0.03] Dia. 










1.416 
[35.97] °* 


a] 


.100 
[2.54] 
1.200 | 
Sq. _— 888 . 
[30.48] (22.56) 5% 
‘oo le 
(25.4) °% | 





.093 + .001 Dia. 4 


[2.36 + 0.03) Pin No. 1 


84 Position 


.035 + .002 062 


[0.89 = 0.05) D!@- (1.57) D2 
. . : +,001 .. 
(Tn Hele yee ple) (Solder Pad, 68 pls.) J, bs : on Dia. 
Be aN en 











1.216 


(30.89) °* 


.093 + .001 ae 


[2.36 = 0.03] Dia. Pin No. 1 


68 Position 
*No additional via. holes recommended between indicated dimensions. 
Note: JEDEC printed circuit board pattern for .100 [2.54] grid through-holes. 
Reprinted with permission of AMP Incorporated. 
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Di loning: 
Recommended pimensiont oe in inches and millimeters. 
Printed Circuit Values in brackets are metric equivalents. 
Board Pattern 


160 (84 pis.) .062 + .001 


[4.06] a [1.57 = 0.09} Dia. 
| 
eS => 








ae eI 
o38 : on) Dia. ye | Pin No. 1 
84 Position 


7 (68 pls.) : 062 + .001 


jh {1.57 = 0.03) D#2- 


.160 
[4.06 


1.230 
(31.24) 


1.180 
[29.97] 






Sq. 











800 
(20.32) $9 1} 






083 =.001 Ve | \ 
[2.36 = 0.03] 9/8. Pin No. 1 


68 Position 


*No additional via. holes recommended between indicated dimensions. 
Note: JEDEC printed circuit board pattern for .050 [1.27] centers surface mount pads. 


Reprinted with permission of AMP Incorporated. 








Recommended Dimensioning: 


Dimensions are in inches and millimeters. 


Printed Circuit Board Values in brackets are metric equivalents. 
Hole Pattern 


.230 
(5.84) 











115 


[2.92] .062 ~ .001 


ans [1.57 = 0.03) Dla. 


916 


[23.27] 5° 


i 


100 








.700 
117.78] Sq. [2.54] 
{ — .230 .388 Sq. 
ave (5.84) (9.86) "* 
(12.7) 5% 
115 
[2.92] 
.093 + .001 Di / 
[2.36 = 0.03} ~'* \ Pin No. 1 
062 , .035 = .002 
(1. 571° [0.89 = 0. 05] O 
sie ee 44 pls.) (Thru-Hole, 44 7 ) 
44 Position 





.035 + .002 ... 062 .. 
[0.89 = 0.05} Pia. (1.57) 0 
(Thru-Hole, 28 pls.) (Solder Pad, 28 pls.) 


28 Position 


“No additional via. holes recommended between indicated dimensions. 
Note: JEDEC printed circuit board pattern for 100 [2.54] grid through-holes. 





Reprinted with permission of AMP Incorporated. 
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Recommended 
Printed Circuit 
Board Pattern 


Dimensioning: 


Dimensions are in inches and millimeters. 
Values in brackets are metric equivalents 






062 =.001 1 
ye [1.57 = 0.03] 74 


510... 
12.95} 8% 


.093 +.001 .. 
[2.36 = 0.03] D'2- 


Pin No. 1 


44 Position 


160 
\4.06| (28 pls.) 


i 


[1.27] 
; 9 






1 


Se ae 
| lk mI (o3es Be 


005 
‘Or13] (28 pls.) 
28 Position 


*No additional via. holes recommended between indicated dimensions. 
Note: JEDEC printed circuit board pattern for .050 [1.27] centers surface mount pads. 


Reprinted with permission of AMP Incorporated. 
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Tooling 


Tce 


Insertion Tool 


No. 
Positions 


44 


-Part 
Number 


821663-1 


Extraction Tool 


No. Part 
Positions Number 
28 821598-1 


Reprinted with permission of AMP Incorporated. 


68 and 84 
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68381-1 





Extraction Tool 


No. 
Positions 


Part 
Number 


821591-1 
821566-1 
821590-1 





NOTES 


NOTES 


NOTES 


NOTES 


NOTES 


NOTES 


NOTES 


NOTES 


NOTES 


National 
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2900 Semiconductor Drive 
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Tel: (408) 721-5000 

TWX: (910) 339-9240 


SALES OFFICES AND REPRESENTATIVES (Continued) 


INTERNATIONAL 
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Col Guadalupe Inn 

Mexico, 01020 D.F. Mexico 

Tel: (905) 524-9402 


National Semicondutores 
Do Brasil Ltda. 

Av. Brig. Faria Lima, 830 

8 Andar 

01452 Sao Paulo, SP. Brasil 
Tel: (55/11) 212-5066 ; 
Telex: 391-1131931 NSBR BR 


National Semiconductor GmbH 
Westendstrasse 193-195 
D-8000 Munchen 21 

West Germany 

Tel: (089) 5 709501 

Telex: 522772 


National Semiconductor (UK) Ltd. 
301 Harpur Centre 

Horne Lane 

Bedford MK40 1TR 

United Kingdom 

Tel: 0234-47147 

Telex: 826 209 


National Semiconductor Benelux 
Ave Charles Quint 545 

B-1080 Bruxelies 

Belgium 

Tel: (02) 4661807 

Telex: 61007 


1986 National Semiconductor Corp 





National Semiconductor (UK) Ltd. 
1, Bianco Lunos Alle 

DK-1868 Copenhagen V 

Denmak 

Tel: (01) 219211 

Telex: 15179 


National Semiconductor 
Expansion 10000 

28, Rue de la Redoute 

F-92 260 Fontenay-aux-Roses 
France 

Tel: (01) 660-8140 

Telex: 250956 


National Semiconductor S.p.A. 
Via Solferino 19 

20121 Milano 

Italy 

Tel: (02) 345-2046/7/8/9 

Telex: 332835 


National Semiconductor AB 
Box 2016 

Stensatravagen 4/11 TR 
S-12702 Skarholmen 
Sweden 

Tel: (08) 970190 

Telex: 10731 


National Semiconductor 
Calle Nunez Morgado 9 

(Esc. Dcha. 1-A) 

E-Madrid 16 
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Tel: (01) 733-2954/733-2958 
Telex: 46133 


GF/1824 


National Semiconductor 
Switzerland 

Alte Winterthurerstrasse 53 
Postfach 567 

CH-8304 Wallisellen-Zurich 
Tel: (01) 830-2727 

Telex: 59000 


National Semiconductor 
Pasilanraitio 6C 
SF-00240 Helsinki 24 
Finland 

Tel: (90) 14 03 44 

Telex: 124854 


NS Japan Ltd. 

4-403 Ikebukuro, Toshima-ku 
Tokyo 171, Japan 

Tel: (03) 988-2131 

Fax: 011-81-3-988-1700 


National Semiconductor 
Hong Kong Ltd. 
Southeast Asia Marketing 
Austin Tower, 4th Floor 
22-26A Austin Avenue 
Tsimshatsui, Kowloon, H.K 
Tel: 3-7231290 

Cable: NSSEAMKTG 
Telex: 52996 NSSEA HX 
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National Semiconductor 
(Australia) 

PTY, Ltd. 

21/3 High Street 
Bayswater, Victoria 3153 
Australia 

Tel: (03) 729-6333 

Telex: AA32096 


National Semiconductor (PTE), 
Ltd. 

51 Goldhill Plaza, No. 10-01 
Newton Road 

Singapore 1130 

Tel: 2506884 

Telex: RS 33877 


LF lifelar- Bel -luslltelaleltloi(elm iam t-1.18) 
Ltd. 

Taiwan Branch 

P.O. Box 68-332 Taipei 

7th Floor, Nan Shan Life Bidg. 

302 Min Chuan East Road, 

Taipei, Taiwan R.O.C 

Tel: (02) 501-7227 

Telex: 22837 NSTW 

Cable: NSTW TAIPE! 


National Semiconductor (Far East) 
Ltd. 

Korea Office 

Third Floor, Hankyung Bidg. 

4-25 Hannam-Dong 

Yongsan-Ku, Seoul 140, Korea 

Tel: 797-8001/3 

Telex: K24942 NSRK 





